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PREFACE 

Metallurgical  literature  contains  many  treatises  and  monographs  dealing 
with  the  metals  proper  and  parts  of  metallurgical  activity,  but  not  a  single  work 
upon  general  metalliurgy  which  meets  present  requirements.    Of  the  modem 
books  on  general  metallurgy,  the  earliest  is  that  of  Griiner  (1875,  1878)  which 
is  a  model  of  dear  exposition.    In  KerFs  condensed  encyclopedia  (1879)  the 
reado-  will  find  references  topractically  everything  of  value  that  had  appeared  in 
print  up  to  1 879.    SchnabeFs  treatise  (i  903)  assembles  to  some  extent  the  work  of 
his  predecessors,  and  adds  valuable  chapters  upon  electro- chemical  processes, 
but  passes  over  Ughtly  the  properties  of  metals  and  alloys,  and  does  not  inter- 
pret metallurgical  phenomena  from  a  modern  point  of  view.    The  last  treatise  is 
that  of  Babu  (1904,  1906)  which  imfortunately  was  not  finished  by  the  author. 
The  works  of  Roberts-Austen  and  Harbord  (1910)  and  of  Fulton  (1910)  do  not 
aim  to  cover  the  whole  ground.    They  deal  in  a  masterly  fashion  with  many 
important  phases  of  metallurgy,  la)dng  stress  upon  physical  and  physico-chem- 
ical phenomena. 

In  the  present  treatise  the  aim  has  been  to  cover  the  field  of  General  Metal- 
lurgy as  a  whole.  The  good  of  the  older  endeavor  has  been  combined  with  that 
of  modern  research,  and  the  whole  has  been  treated  from  the  point  of  view  of 
the  metallurgist  who  has  a  leaning  toward  physical  chemistry.  Mechanical 
processes  have  received  more  consideration  than  has  been  customary,  as  the 
tendency  of  present  metallurgical  practice  is  in  this  direction.  Technical  lit- 
erature has  been  drawn  upon  freely.  It  is  believed  that  reference  to  most  books 
and  papers  of  importance  will  be  found  in  the  foot-notes,  at  the  proper  places, 
even  if  the  contents  of  the  publications  have  not  been  used  in  the  text 

In  a  treatise  like  the  present,  the  author  has  to  cover  a  large  field  of  technical 
endeavor  with  which  he  cannot  well  be  as  familiar  as  he  would  like  to  be.  He 
has  to  seek  assistance,  if  he  is  to  succeed  at  all.  For  this  reason,  the  thermo- 
chemical  data  have  been  taken  bodily  from  Professor  J.  W.  Richards'  standard 
''Metallurgical  Calculations,"  and  many  illustrations  borrowed  from  Professor 
R.  H.  Richards'  great  treatise  on  "Ore  Dressing."  In  dealing  with  some  of  the 
several  subjects,  I  have  been  helped  by  my  colleagues  at  the  Institute  of  Tech- 
nology; thus  in  mechanics  by  Professor  C.  E.  Fuller,  in  pumps  by  Professor  E. 
F.  Miller,  in  electro-chemistry  by  Professor  M.  DeK.  Thompson,  and  in  the 
constitution  of  alloys  as  well  as  in  thermo-chemical  calculations  by  Professor 
C.  R.  Hay  ward.    I  want  to  express  here  my  thanks  to  these  gentlemen. 

It  has  taken  a  great  deal  more  time  to  write  this  book  than  was  anticipated. 
The  large  amoimt  of  labor  involved  in  such  an  undertaking  may  be  the  reason 
why  we  have  no  modern  general  metallurgy.  The  future  will  show  whether 
the  right  selection  has  been  made  between  practice  and  theory. 

H.   O.    HOFMAN. 

Massachusetts  Institute  of  Technology, 
Boston,  Mass., 
July,  1913. 
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GENERAL  METALLURGY. 

CHAPTER  I 

INTRODUCTION 

1.  Definition  and  Scope. — Metals  form  a  group  of  elementary  substances 
which  possess  a  certain  kind  of  luster,  opacity,  high  conductivity  for  heal  and 
electricity,  and  more  or  less  plasticity.  Metallurgy  is  the  art  of  extracting  metals 
from  their  ores  and  refining  and  fashioning  them  for  use  in  metal  industries. 
The  subject  is  divided  into  three  parts: 

General  Metallurgy,  which  discusses  in  a  general  way  the  history  of 
metals,  the  physical  and  chemical  properties  of  metals,  alloys  and  metallic 
compounds,  the  metallurgical  processes,  ores,  fluxes,  apparatus,  and  metallurg- 
ical products,  and  in  detail,  fuels  and  refractory  materials. 

Non-ferrous  Metallurgy,  which  discusses  in  detail  the  treatment  of  ores 
of  copper,  lead,  silver,  gold,  platinum,  quicksilver,  zinc  and  cadmium;  tin, 
arsenic,  antimony,  bismuth,  nickel  and  cobalt;  aluminum,  uranium,  tungsten, 
manganese,  chromium,  molybdenum,  titanium,  vanadium,  and  other  rare 
metals. 

Ferrous  Metallurgy,  which  discusses  in  detail  the  manufacture  of  iron 
and  steel. 

It  is  essential  for  the  successful  study  of  metallurgy  that  the  student  be  well 
versed  in  mathematics,  physics,  chemistry  and  mineralogy,  and  that  he  should 
have  a  general  grounding  in  mechanical  and  electrical  engineering  and  some 
knowledge  of  business  affairs. 

2.  Historical  Notice.^ — ^The  degree  of  civilization  is  closely  connected  with 
the  use  of  metals,  as  the  more  extensively  a  race  employs  metals,  the  greater 
will  be  their  importance.    It  is  therefore  to  be  expected  that  when  a  race  had 
sufficiently  grown  away  from  savagery  to  leave  a  record  of  its  existence  we 
should  find  some  mention  of  the  metals  which  it  was  using.    The  remains  of  pre- 
historic races  show  that  the  people  were  acquainted  with  gold,  silver,  iron,  copper, 
tin  and  lead.    The  order  in  which  these  metals  came  into  use  must  have  varied 
with  different  peoples.     It  is  now  generally  believed  that  gold  was  the  metal* 
first  known,  as  it  occurs  in  the  metallic  state,  is  bright  and  heavy  and  easily 
worked.    In  a  few  regions  of  the  world,  copper  occurs  in  the  native  state, 

*  Karsten,  C.  J.  B.  "System  der  Metallurgie,"  Berlin,  183 1,  Vol.  i. 
Hoefer,  F.  "Histoire  de  la  Chimie,"  Paris,  1842. 
Kopp,  H.  "Geschichte  der  Chemie,"  Brunswick,  1843. 
Zippe,  F.  H.  M.  "Geschichte  der  Metalle,'*  Vienna,  1857. 
R5ssing,  A.  "Geschichte  der  Metalle,"  Berlin,  1901. 

Neumann,  B.   "Die  Metalle,  Geschichte,  Vorkommen  und  Gewinnung,  nebst  ausfUhr- 
licher  Productions-  und  Preiss-Statistik,"  Berlin,  1904. 
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2  GENERAL  METALLURGY 

requiring  only  forging  to  be  converted  into  a  useful  tool.  Meteoric  iron  may 
have  been  the  first  source  of  iron  implements.  The  former  assumption,  how- 
ever, that  a  bronze-age,,  following  the  stone-age,  always  preceded  an  iron-age 
has  been  given  up  by  archseolo^sts  and  ethnologists.  That  iron  should  as  a 
rule  have  been  used  earlier  than  copper  or  bronze  may  be  inferred  from  the 
infrequent  occurrence  of  copper  and  tin  in  comparison  with  iron,  and  from  the 
metallurgical  fact  that  iron  oxides  are  readily  reduced  to  forgeable  metallic 
iron,  while  copper  oxides  after  reduction  have  to  be  fused  to  furnish  a  serviceable 
metal.  The  Greeks  and  Romans  knew  quicksilver  in  addition  to  the  above- 
mentioned  metals.  These  seven  metals  remained  the  only  ones  known  until 
the  fifteenth  and  sixteenth  century  when  antimony,  bismuth  and  zinc  were 
recognized;  at  the  close  of  the  seventeenth  century  arsenic  was  added  to  the  list, 
and  in  the  eighteenth  century,  nickel  cobalt,  manganese  and  platinum;  the  other 
metals  belong  to  the  nineteenth  century. 

The  history  of  metallurgy  may  be  divided  into  four  great  periods.  The  first 
extends  from  the  oldest  times  to  the  first  century,  A.  D.,  when  Pliny  the  Elder 
brought  together  in  his  "  Naturalis  Historia  "  everything  known  at  his  time  about 
metals.  The  second  period  extends  from  the  first  to  the  beginning  of  the  six- 
teenth century.  From  Agricola's  "De  Re  Metallica"^  (1530)  we  see  that  many 
oi  our  present  methods  of  ore-treatment  are  only  mechanical  improvements  on 
those  in  use  at  his  time.  The  third  period,  from  the  beginning  of  the  sixteenth 
to  that  of  the  nineteenth  century,  shows  little  progress  over  that  of  the  second. 
During  the  first  quarter  of  the  nineteenth  century  we  enter  upon  the  fourth 
period,  that  of  our  present  metallurgy,  with  the  application  of  the  sciences  to  the 
art,  and  the  evolution  of  a  science  of  its  own.  The  works  of  Schluter  (1738), 
Calvor  (1763),  Lampadius  (1830)  and  Karsten  (1831)  are  the  leading  records  of 
the  progress  made.  Since  Karsten's  masterly  treatises  were  published  the 
metallurgical  literature  has  become  too  extensive  to  be  quoted  in  this  general 
summary. 

3.  Bibliography. — The  following  are  the  leading  modern  treatises  on 
general  metallurgy. 

Gruneb,  L.    Trait6  de  M6tallurgie,  Dunod,  Paris,  Vol.  i,  1875,  Vol.  11,  1878. 

Kerl,  B.     Grundriss  der  AllgemeiDen  Hiittenkunde,  Felix,  Leipsic,  1879. 

Balling,  C.  A.  M.     Compendium  der  Metallurgischen  Chemie,  Strauss,  Bonn,  1882. 

DiTTE,  A.    Lemons  sur  les  M6taux,  Dunod,  Paris,  2  Vols.,  189 1,  supplement  (thermochemical 

data),  1893. 
Dt^RRE,  E.  F.     Vorlesungen  fiber  Allgemeine  Htittenkunde,  Knapp,  Halle,  1899. 
DiTTE,  A.     Introduction  k  I'Etude  des  M6taux,  Soci6td  d'Editions  Scientifiques,  Paris,  1902. 
ScHNABEL,  C.    Lehrbuch  der  Allgemeinen  Htittenkunde,  Springer,  Berlin,  1903. 
Babu,  L.     Traitd  Thdoretique  et  Pratique  de  M6tallurgie  G6n6rale,  B6rangcr,  Paris,  Vol.  i, 

1904,  Vol.  11,  1906. 
RoBERTS-AusTEN  W.,  and  Harbord,  F.  W.     An  Introduction  to  the  Study  of  Metallurgy, 

Griffin  &  Co.,  London,  and  Lippincott  Co.,  Philadelphia,  1910. 
Fulton,  C.  H.     Principles  of  Metallurgy,  McGraw-Hill  Book  Co.,  New  York,  1910. 

*  Translated  by  C.  and  L.  H.  Hoover,  The  Technical  Book-Shop,  Salisbury  House,  London, 
E.  C,  1913. 


CHAPTER  II 

PROPERTIES  OF  METALS 

4.  Density. — A  characteristic  of  the  industrial  metals  is  their  high  specific 
gravity.  With  the  exception  of  Al  and  Ti  their  specific  gravities  are  higher  than 
6;  the  lightest  metal  is  Li  (0.59),  the  heaviest  Os  (22.48).  Variations  in  the 
specific  gravity  of  an  industrial  metal  are  caused  by  its  degree  of  purity  and  the. 
compactness  of  its  structure,  the  latter  being  modified  by  the  manner  of  casting, 
the  rate  of  cooling,  and  mechanical  treatment.  It  is  difiScult  to  produce  a 
metal  which  is  absolutely  pure;  the  specific  gravity  of  a  commercial  metal  will 
differ  from  that  which  is  chemically  pure,  as  it  always  contains  some  impurity. 
In  casting  a  metal  imder  a  head,  the  molecules  will  be  the  more  compacted  the 
greater  the  pressure,  and  this  increases  the  specific  gravity.  The  density  of 
tin  depends  on  the  rate  of  cooling;  quick  cooling  gives  a  grouping  of  the 
particles  and  density  different  from  that  given  by  slow  cooling. 


Table  i. — Specific  Gravities  of  Some  Metals 


Os 22.48 

Ir 22.42 

Pt,  cast 21.50 

Pt,  sheet,  wire. . .    21.  2-2 1 . 7 

W 19.10 

Au,  cast 19  25 

Au,  hammered i9-3S 

Hg,  liquid 13  59 

Hg,  solid 14. 19 

Rh 12. 10 

Pb .  11.37 

Pb,  molten 10.64 

Pb,  cast 11.3s 

Pb,  rolled 11.38 

Pd 11.40 

Ag,  deposited lo-  53 

Ag,  molten 9.51 

Ag,  cast 10.75 

Ag,  compressed 10. 56 

Bi 9.82 

Bi,  molten 10.04 


Cu, 
Cu, 
Cu, 

Cu, 
Ni. 
Cd. 
Cd, 
Cd, 
Mo 
Co. 
Mn 
Fe. 
Fe, 
Fe, 
Fe, 
Fe, 
Fe, 
Sn, 
Sn, 
Sn, 
Sn, 


deposited 8.92 

molten 8.22 

cast 8.80 

wire 8.94 

8.80 

8.60 

molten 7.99 

hammered 8.67 

8.60 

8  50-8.80 

750 

7.86 

molten 6.88 

wrought  iron  7 .  80-7 .  90 

steel 7.40-7.80 

cast  white . . .  7 .  58-7 .  73 

cast  gray 7  03-7  13 

cast 7.29 

molten 7.09 

hammered 7.30 

crystal 7.07 


Sn,    disintegrated  by 

cold 

Zn,  mean 

Zn,  molten 

Zn,  cast,  slowly  cooled 
Zn,  cast,quickly  cooled 

Zn,  rolled 

Cr 6.52- 

Sb 

Te 

As,  molten  under  pres. 

As,  crystallized 

As,  amorphous 

Va 

Ti 

Al 

Al,  cast 

Al,  rolled 

Al,  commercial 

Mg 

Li 


S.87 

7.15 
6.48 

7.13 
7.09 

7.19 

-6.73 
6.71 

6.25 

571 
5-73 

4  71 

550 

5  30 
2.60 

2.56 

2.r,6 
2.58 
1.74 

o  59 


Hammering,  rolling  and  wire-drawing  were  once  supposed  to  increase  the 
specific  gravity  by  forcing  the  molecules  closer  together.  Up  to  a  certain  limit 
the  application  of  pressure  does  increase  the  specific  gravity  of  a  metal  by  closing 
up  cavities.    Thus  Spring^  found  that  with  Pb,  Sn,  Bi,  Sb,  Cd,  Al  and  Zn  a  pres- 


» Bull,  Soc,  Chim,,  1883,  VL,  515. 
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sure  of  20,000  atmospheres  continued  for  several  days  was  sufficient  to  close  the 
pores.  Further  compression  can  have  no  effect  upon  the  specific  gravity  unless 
it  causes  a  molecular  re-arrangement  of  particles.  When  the  form  of  a  metal  is 
changed  by  mechanical  treatment,  the  specific  gravity  of  the  metal  is  actually 
diminished.^  Annealing  more  or  less  obliterates  the  effect.  Merely  stretching 
a  metal  (wire)  may  diminish  the  specific  gravity  by  tending  to  develop  cavities.* 
In  the  liquid  state  all  metals  are  lighter  than  when  in  the  solid;  the  only 
exception  is  Bi,'  which  attains  its  highest  specific  *  gravity  just  before  it 
solidifies. 

The  specific  gravity  of  some  molten  metals  has  been  investigated  by  Mallet,* 
Roberts-Austen,*  Wrightson,®  Roberts-Austen  and  Wrightson,'  and  Nies  and 
Winkelmann.' 

5.  Luster  .and  Transparency. — Most  metals  have  a  high  luster  which  is  very 
characteristic  and  has  been  termed  metallic.  This  power  to  reflect  light*  in 
great  perfection  is  seen  especially  on  burnished  or  polished  surfaces  of  the  harder 
metals,  or  metals  in  the  liquid  state.  Rough  surfaces  or  fractures  show  luster 
only  when  the  grains  composing  them  have  large  crystal  facets;  finely  divided 
metal  is  dull. 

Under  ordinary  conditions  metals  are  opaque.  Faraday  observed  in  1857*° 
that  gold  leaf  (^(roVirff  in.  thick)  supported  on  a  glass  plate  transmitted  green 
light,  and  that  silver  resembled  gold  in  these  respects.  ^^  When  heated  to  about 
2*50°  C.  the  gold  leaf  becomes  transparent  and  transmits  white  light  instead  of 
green.  This  is  due  to  the  aggregating  of  particles  of  gold  into  globules  between 
which  the  light  passes.  Silver  begins  to  show  a  similar  behavior  with  a  film 
^tjoVtut  in-  when  heated  in  air  to  335°  C,  the  change  being  assisted  by  a  mo- 
mentary oxidation.  Films  of  copper  heated  to  a  suitable  tem|>erature  become 
transparent  and  transmit  an  emerald  green  light  which  becomes  darker  as  the 
oxidation  progresses  until  the  brilliant  color  has  been  changed  into  a  black 
cloud. 

6.  Color  and  Odor. — The  color  of  finished  metals  is  of  less  importance  to 
the  metallurgist  than  to  the  metal  manufacturer.  In  the  compact  state  the 
colors  are  white  (Ag);  silvery  (Pt,  Al,  Sn,  Ni,  Hg,  Cd);  bluish  (Sb,  Zn,  Pb); 
pinkish  (Bi);  gray  (Fe,  As);  yellow  (Au),  and  red  (Cu).     In  a  finely-divided 

*  Kahlbaum-Roth-Siedler,  Z/.  anorg,  Chetn.,  1902,  xxn,  277. 
Kahlbaum-I^turm,  op,  cit.y  1905,  XLVii,  217. 

Hibbard,  Tr,  A.  L  M.  E.,  1906,  xxxvii,  371. 

*  Gray,  Proc,  Roy,  Soc,  Ser.  A,  1893,  Liv,  284. 
*L(ideking,  Ann,  Phys,  Chem,,  1888,  xxxiv,  21. 

*Proc.  Roy,  Soc,  Scr.  A,  1873-74,  xxn,  366;  1874-75,  xxin,  209. 

^  Proc,  Roy,  Soc,  Ser.  A,  1874-75,  xxni,  481. 

"/.  /.  and  St.  /.,  1879,  n,  418;  1880,  i,  11. 

^  Phil.  Mag.,  1881,  XI,  295;  1882,  XIII,  360. 

■  Sitzungsberichte  der  k.b.  Akademie  der  Wissenschaften  zu  MUnchen,  1881,  xi,  63. 

*  Coblentz,  The  reflecting  power  of  various  metals,  /.  Frankl.  Inst.,  19 10,  cucx,  169. 
^^  Phil,  Trans.,  1897,  cxlvii,  145. 

**  Beilby,  Proc,  Roy,  Soc,  1905,  Lxxvi,  Ser.  A,  462;  1907,  lxxdc,  Ser.  A,  463;  Turner,  op, 
cU,,  1908,  Lxxxi,  Ser.  A,  301;  Horton,  Cass,  Mag.,  1908-09,  xxxv,  735;  Met.  Ind.,  1909,  vii,  97. 
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state,  e.g.y  when  precipitated  from  solutions,  the  color  is  liable  to  be  different 
from  that  of  the  compact  metal  (the  gray  of  Ag,  the  brown  of  Au).  In  the 
fluid  state  it  is  different  from  that  in  the  solid  (the  green  of  Cu  and  of  Au). 

Odor  is  usually  not  associated  with  metals,  but  Cu  and  Sn  rubbed  with  the 
hands  give  off  characteristic  disagreeable  odors. 

7.  Clystallization,  Cleavage.^ — All  metals  tend  to  assume  crystalline  forms 
when  they  change  from  the  state  of  vapor  to  that  of  solid,  from  the  liquid  to 
the  solid  state,  and  from  one  solid  form  to  another,  f.c.,  they  tend  toward  a 
state  in  which  the  molecules  have  definite  geometrical  positions.  Microscopic 
research  has  proved  that  metals  solidified  from  the  molten  condition  do  not 
exist  in  the  non-crystalline  amorphous  state,  and  that  they  retain  their  crystal- 
line structure  when  they  are  severely  strained. 

Crystallization  produces  regularity  of  internal  structure,  and  this  may  cause 
a  metal  to  separate  along  certain  crystallographic  planes  instead  of  fracturing 
irregularly.  These  cleavage  planes  represent  directions  of  weakness  in  the 
crystal.  Crystallization  in  the  change  from  the  state  of  vapor  to  that  of 
solid  is  well  exemplified  by  the  sublimation  of  Mg  and  As  which  collect  in  rhom- 
bohedral  crystals  in  the  neck  of  the  retort;  the  crystals  of  Mg  are  especially 
well  developed,  while  As  generally  forms  a  finely  crystalline  aggregate.  In 
precipitating  Ag  from  a  sulphate  solution  by  means  of  Cu  or  Fe,  the  Ag  comes 
down  in  the  form  of  crystals,  the  sizes  of  which  are  governed  by  the  degree 
of  concentration  and  the  temperature  of  the  solution.  In  the  electrolytic 
parting  of  dore  silver  with  AgNOa  as  electrolyte  the  Ag  is  plated  out  at  the 
cathode  with  a  current  of  high  density  in  the  form  of  loose  crystals,  while  with 
a  weak  current  the  deposit  forms  a  crystalline  coating.  In  dissolving  Ir  or 
Os  in  melted  tin  and  removing,  after  cooling,  the  tin  with  HCl,  Ir  or  Os 
will  remain  behind  in  the  form  of  a  powder  consisting  of  well-developed 
crystals.  Cr  dissolved  in  molten  Zn  will  be  found  in  the  form  of  small 
pointed  rhombohedrons  after  the  metallic  solvent  has  been  removed  with 
dilute  HNOa. 

The  change  of  a  metal  from  the  molten  to  the  solid  state^  is  one  of  consid- 
erable importance  on  account  of  the  effect  upon  its  physical  properties.  The 
crystallization  of  a  molten  metal  follows  in  general  the  same  laws  that  govern 
the  crystallization  of  a  salt  from  its  solution.  It  begins  as  a  rule  on  the  surface 
of  the  solidifying  metal  and  progresses  rapidly  along  the  angles  and  edges  of 
the  primary  crystals;  the  slower  and  the  less  interrupted  the  cooling,  the  more 

^Lehmann,  O.,  "Molecularphysik,"  Engelmann,  Leipsic,  1888,  i,  291. 

Behrens,  H.,  "Die  mikroskopischen  Gefuge   der  Mctalle  und  Legirungen,  Hamburg- 
Leipsic,  1894,  p.  i. 

Ewing  and  Rosenhain,  Phil.  Trans.  Roy.  Soc,  Ser.  A,  1900,  cxcni,  353;  1901,  cxcv, 
279;  MetaUog.f  1900,  ni,  94;  1902,  v,  81. 

Wingham,  /.  /.  and  S.  /.,  1901,  n,  272. 

Beilby,  Rep.  Brit.  Assoc,  1901,  604;  /.  Soc.  Chem.  Ind.,  1903,  xxii,  1166;  Proc.  Roy. 
Sac.,  1904*  ijocn,  218,  1905,  lxxvi,  462. 

'  Osmond-Cartaud,  Rev.  MSL,  1907,  iv,  819. 
Beilby,  /.  Inst.  Met.,  19 12,  viii,  186. 
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perfect  will  be  the  development  of  the  crystals.  The  crystals  first  formed 
usually  lie  parallel  with  or  at  right  angles  to  the  cooling  surface.  When  once 
started,  crystallization  proceeds  very  rapidly,  as  the  molecules  of  the  crystal- 
lizing metal  lie  very  near  to  one  another  and  furnish  the  necessary  material  so 
rapidly  that  there  is  not  sufficient  time  for  particles  to  arrange  themselves  evenly 
and  normally  on  the  growing  crystal.  The  forms  are  generally  small  and  not  well 
developed,  and  the  faces  are  curved.  The  convection  currents  set  up  by  the 
rapid  movement  of  material  toward  the  crystal  have  a  decided  effect  in  deter- 
mining the  final  shape  of  the  crystal.  In  the  case  of  simple  crystals,  such  as  the 
skeleton  cubes  of  Bi,  the  edges  receive  the  material  so  rapidly  that  hopper- 
shaped  crystals  result.  With  complex  forms,  the  rapid  movement  of  the 
particles  interferes  with  their  normal  orientation,  so  they  drop  into  the  next 
available  crystallographic  position,  that  of  a  twin  crystal.  Repeated  parallel 
growths,  accompanied  by  repeated  twinning,^  and  aided  by  facial  distortion  and 
other  irregularities  incident  to  rapid  growth  are  the  causes  which  give  rise  to 
the  greater  part  of  the  branching,  reticulated,  dendritic  forms  characteristic 
for  metals. 

Bars  of  refined  Pb  and  Sn  upon  solidifying  show  characteristic  forms  darting 
out  from  the  surfaces;  the  star  of  Sb  forms  under  a  cover  of  slag  if  the  pure 
metal  is  poured  and  cooled  in  the  right  way.  Crystal  forms  of  Cd,  Al,  Sb,  Ag, 
Cu,  Pb,  Zn,  Bi  and  Sn  are  shown  by  Campbell.*  The  fracture  of  a  cake  of  Zn 
shows  how  the  crystals  have  grown  perpendicularly  to  the  surface  toward  the 
center;  polished  and  etched  surfaces  of  cast  rods  of  Pb,  Sn  and  Sb  show  a  radial 
structure. 

In  some  instances,  as,  e.g.,  is  often  the  case  with  Cu,  crystallization  starts 
from  several  centers  in  the  liquid  metal  at  the  same  time  as  at  the  surface,  or 
it  starts  even  before  the  surface  begins  to  solidify.  In  such  a  case,  there  will  be 
formed  groups  of  crystalline  aggregates  separated  by  narrow,  apparently  amor- 
"^hous  zones  in  which  the  crystallographic  forces  have  been  nearly  overcome  by 
mutual  interference.  Crystallization  may  be  further  interfered  with  by  the 
presence  of  impurities  which  being  thrown  out  of  solution  remain  irregularly 
disseminated  through  the  mass  or  deposited  upon  the  crystal  faces  in  the  form 
of  cementing  films. 

The  molecular  changes  in  the  solid  metal  (allotropic  changes)  are  well  shown 
in  the  behavior  of  Fe,  Ni,  Zn,  Sn,  Pb,  Ag,  Sb,  As,  Se,  Te,  Ir,  C,  P,  S,  etc. 
Melted  Fe^  upon  solidifying  assumes  the  form  of  T'-iron,  and  upon  further 
cooling  changes  at  860°  C.  to  /?-iron  and  at  750°  C.  to  a-iron,  each  showing  char- 
acteristic crystal  forms;  Ni  undergoes  a  molecular  change  at  340°  C;  Zn  at  360** 
C;  Sn,  when  solidifying  in  the  ordinary  way  forms  tetragonal  crystals;  when  it 
is  cooled  very  slowly  so  as  to  become  undercooled,  it  assumes  orthorhombic 
forms;  when  it  is  cooled  to  —40°  C.  it  loses  its  luster,  becomes  gray  and  the 

*  Edwards,  Int.  Zt.  MetallographUj  1912,  iii,  179. 

^  J.  Frankl.  Inst.,  1902,  CLiv,  p.  136,  Plate  iii,  Figs.  9  to  15;  Proc.  Am.  Soc.  Test,  Mat,, 
1904,  IV,  382;  Appendix  iv,  Sixth  Report  Alloys  Research  Committee,  1904. 
'  Osmond- Carta ud,  J,  I.  and  St.  I.,  1906,  lu,  444. 
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metal  crumbles  to  a  fine  powder  having  a  specific  gravity  of  5.87  while 
ordinary  Sn  has  a  specific  gravity^  of  7.07-7.29. 

Isometric  crystal  forms  are  found  in  Pt,  Pd,  Au,  Ag,  Cu,  Pb,  Fe,  Ni,  Cr, 
Zn,  Hg,  Ir,  Os,  Ti,  C  and  Si;  tetragonal  and  orthorhombic  forms  with  Sn;  hexag- 
onal forms  with  Sb,  As,  Te,  Bi;  Zn,  Cd;  Sn  and  Zn  are  dimorphous.  Metals 
which  crystallize  readily  are  usually  weak. 

Cleavage  is  foimd  with  a  few  metals  only,  as  in  Sb,*  Bi,  Te,  Zn. 

8.  Structure.' — ^The  structure  of  a  metal  is  studied  by  examining  both  the 
fracture  (macrostructure)  of  a  specimen  with  the  naked  eye,  with  a  magnifying 
glass,  and  the  poUshed  and  etched  or  heat-tinted  siuiace  (microstructure)  with 
a  microscope.  In  breaking*  a  piece  of  metal,  the  rupture  will  follow  the  lines 
of  least  resistance.  These  may  lie  wholly  along  the  faces  of  the  crystalline 
grains,  or  wholly  through  the  grains,  or  in  part  along,  in  part  through,  the  grains. 
The  fracture  may  be  columnar,  fibrous,  hackly,  splintery,  radiated,  lamellar, 
granular,  crystalline,  conchoidal,  porcelanic,  etc.  The  fracture  varies,  however, 
not  only  with  the  kind  of  metal,  but  with  the  manner  of  rupturing  and  with  the 
thermal  and  mechanical  treatment  a  metal  has  undergone.^ 

When  a  bar  of  wrought  iron  is  nicked  on  one  side  only  and  then  broken  by 
bending  over  with  successive  blows,  the  fracture  will  be  fibrous;  when  it  is 
nicked  on  four  sides  and  then  struck  with  a  sharp  blow,  the  fracture  will  be 
crystalline  to  granular.  That  the  rate  of  cooling  should  have  an  effect  upon 
the  form,  size  and  strength  of  a  grain  and  upon  the  adhesion  of  the  single  grains 
is  clear.  While  fracture  gives  only  an  indication  of  the  structure  of  a  metal,  it 
has  great  practical  value  in  assisting  to  observe  the  changes  a  metal  is  under- 
going or  has  undergone  in  its  metallurgical  treatment.  The  study^  of  fracture 
may  be  assisted  by  etching.* 

The  ultimate  structure'  of  a  metal  depends  upon  the  crystallinity  (degree  of 
crystallization),  the  relative  size  and  the  fabric  (orientation,  general  arrange- 
ment, net- work)  of  the  single  grains.  It  is  revealed  by  the  microscopic  examina- 
tion of  polished  and  otherwise  suitably  prepared  surfaces  which  are  illuminated 
by  reflected  light.  The  study  originated  with  Sorby  of  Shefl&eld  in  1864;  in 
1878  Martens  of  Berlin  investigated  the  microscopic  structure  of  iron  and  steel; 
in  France,  Osmond  and  Werth  were  the  pioneers  in  1885. 

*  Allotropic  changes  of  Tin:  Cohen-van  Eyck,  Zt.  phys,  Chem.,  1899,  xxx,  601. 
Cohen,  op,  cit,.  1900,  xxxin,  57;  1900,  xxxv,  588;  1901,  xxxvi,  513. 

*  Campbell,  Proc.  Am,  Soc,  Test.  Mat.,  1904,  iv,  382;  Proc.  Engl.  Inst.  Mech.  Eng.,  June, 
1904. 

*  Ewing,  Rep.  Brit.  Assoc,  1906,  657;  Eng.  Rev.,  1906,  xv,  205;  Phil.  Trans.  Roy.  Soc, 
1900,  ciciii,  353;  1901,  cicv,  279;  /.  Inst.  Met.,  1912,  viii,  4;  Engineering,  1912,  xciii,  651. 

*  Martens,  A.,  and  Henning,  Gus.  C,  "Handbook  of  Testing  Materials,'*  New  York, 
1S99,  p.  lOI. 

*  Osmond- Fr^mont-Cartaud.  Rev.  Mit.,  1904,  i,  11.     Freminville,  op.  cit.,  1907,  iv,  833. 

*  Hcyn,  Meiallurgie,  1907,  iv,  119. 
Ast.,  op.  cit.  123. 

Fr6mont,  Rev.  Mil.,  1908,  v,  649. 
Hcyn,  StaM  u.  Eisen,  1908,  xxviii,  1827. 
Knift,  op.  cit,,  1909,  XXDC,  517. 
'Lc  Chatelier,  Rev,  Mit.,  1906,  iii,  493. 
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The  microscopic  examination  of  metals  and  alloys  has  become  an  indqi 
ent  art  and  science,  and  forms  an  important  branch  of  metallography,  the  si 
of  metals  and  alloys.     Its  technic  is  discussed  in  a  number  of  papers  ioAm 
treatises.' 


BS^^^ 

^^m 

^^. 

Figs.'  1  to  5  show  some  characteristic  structural  forms  of  metals.  Fig,  i 
represents  the  surface  of  aluminum  cast  upon  stone.    There  are  seen  dendrites 

'Osmond,  F.,  and  Stead,  J,  E.,  " Mkrascopical  Analysis  of  Metals";  Griffin  &  Co., 
London,  Lip  pi  ncott  Co.,  Philadelphia,  1904. 

Le  ChalfUer,  H.,  "La  technique  dela  mftallographic  microscopiquc"  in  "Contributions 
a  I'ftude  des  alliages,"  Commissioa  dcs  Altiages,  Paris,  1896-1890,  p.  411  (translation: 
Alelallograpkitl,  1901,  IV, i);  continuation  in  Rev.  lift..  1905,  It,  ss8. 

Stead,  J.  E.,  "Practical  Metallography,"  Cleveland  (England)  Institute  of  Engioecn, 
1900,  p.  97  (reprint,  Melailographisl,  1900,  111.  920), 

Campbell,  W.,  "Notes  on  Metallography,"  Sch.  Mines  Quart.,  1904,  xxv,  390. 

Osmond.  F.,  and  Cartaud,  G.,  "Les  enseigncmcnts  scienlifiquesdupolissage,"  Rrv.GtH- 
iraU  des  Sciences,  1903.  XVI,  s'. 

Goerens,  P.,  and  IbbotsoQ,  F.,  "Introduction  to  Metallography,"  Longmans,  Green  & 
Co.,  London,  1908. 

Desch,  C.  H.,  "Metallography."  Longmans,  Green  &  Co.,  London,  1910. 
'  Figs,  t  to  4,  Campbell,  Appendix  Vl,  Report  Alloys  Research  Committer,  igot.     Fi|;. 
Sorby.  J.  I.  and  Si.  /..  .8S7,  1,  355. 
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of  two  axes  at  right  angles;  only  one  quadrant  of  a  dendrite  is  well4 


2  gives  the  surface  structure  of  an  ingot  of  silver;  three  or  more  primary  1 
cystals  or  grains  are  built  up  of  numerous  secondary  crystals  possessing  dis-  J 
tinct  orientation. 

Figs.  3  and  4.     In  Fig.  3  is  seen  on  the  surface  of  cast  tin  a  small  dendrite, 
rVith  two  main  axes  at  right  angles,  imbedded  in  a  ground  mass  made  up  of  small  . 
fKcondary  cr>-stals  shown  under  larger  magnification  in  Fig,  4. 

Fig.  s  shows  the  polished  and  etched  surface  of  a  longitudinal  section  through ', 
ahuof  wrought  iron.  It  is  made  up  of  crystals  of  practically  pure  iron  (ferrite)  , 
and  a  few  small  black  streaks  of  slag. 


Fic.  5. — Structure  of  wrought  iron  (Sorby). 

Beilby'  has  shown,  that  in  polishing  a  metal,  a  surface  layer  or  film  is   ( 
likely  to  be  produced  where  structure  and  appearance  differ  from  the  undis- 
luibed  substance  below,  and  that  etching  the  surface  removes  the  layer  which 
had  been  spread  over  the  surface  by  polishing,  and  reveals  the  true  structure. 

9.  Hardness. • — The  word  hardness  of  a  metal  is  used  to  express  five  ideas: 
the  resistance  it  oSers,  to  scratching  (scratch  hardness),  to  idenlation(identa- 
tion  hardness),  to  clastic  impact  (rebounding  hardness),  to  cutting  (cutting  j 
hardness),  to  permanent  deformation  (tensile  hardness). 

I.  SciHTCU  Hardness. — This  is  the  hardness  of  the  mineralogist.     In  the  1 
Mohs  scale  the  following  ten  minerals  are  arranged  in  the  order  of  hardness: 
I  Talc,  j;  gypsum,  2;  calcite,  3;  fluorspar,  4;  apatite,  5;  feldspar,6;  quartz,  y,  ] 
'  Froc.  Bey.  Soc,  igoj,  Lxxii,  *i8. 

'  Calvert- Johnson,  Fkil.  Mag.,  and  /.  Sc,  1859.  ^v".  "4;  Ditigl.Pol.J.,  tSjg,  i 
I  Commissjon  dcs  Metbodes  d'Essai  lics  Mattriaux  de  canslruotion,  Rothschild,  Parts,  1 
I  m,  1.  61. 

Uuteofi  and  Henning,  "Handbook  of  Testing  Materials,"  Wiley,  New  York,   : 
I  p.  188. 

S|>ringcr,  Casi.  Mat.,  '9o8.  xwtiv,  387- 

TlMlier.  J.  I,  and  Si.  I.,  1909,  1,  436;  Dcvries,  Prac,  A  m.  Stic.  Tal.  Mai.,  1 
lAmeritam  itaekinitt,  1911,  xxxv,  711. 
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topaz,  8;  corundum,  9;  and  diamond,  to.     A  mineral  will  scratch  all  those 
below  it  in  the  series,  and  will  be  scratched  by  those  above. 

As  the  range  of  hardness  between  the  several  numbers  of  the  series  is  uneven, 
Behrens*  used  the  following  set  of  seventeen  needle-points  which  he  graded 
according  to  the  Mohs  scale:  Lead,  i;  tin,  1.7;  iron-bearing  tin,  2;  hard  lead, 
1.5-2.2;  zinc,  2.5;  copper,  3;  brass  wire,  3.1;  gun  metal,  3.3;  bronze  with  la  pet 
cent.  Sn,  3.5;  the  same  with  18  per  cent.  Sn,  3.7;  iron  wire  3,7  to  3.9;  sewing 
needles  5  to  5.5;  the  same  tempered  to  yellow,  4;  to  blue,  5;  steel  auger  tem- 
pered to  yellow,  6;  chrome  steel,  6.2  to  6,5;  ferrochrome  with  50  per  cent.  Cr,  7 
to  7.3. 

In  1886  Turner'  employed  a  diamond  point,  set  in  a  vertical  pencU  and  car- 
ried by  a  balanced  arm,  for  scratching  a  metal 
moved  slowly  underneath  the  point.     The  point 
was  pressed  downward  by  a  sliding  weight  until 
a  normal  scratch  (one  that  is  just  visible  as  a 
dark  line  on  a  bright  surface)  had  been  made. 
The  load  in  grams  formed  the  measure  of  hardness 
or  hardness  number.    Martens*  modified  the  mode 
of  operating  in  his  sderometer,  by  making  the 
load  on  the  pencil  constant  (20  grams)  and  mea- 
suring the  width  of  the  scratch  with  a  micrometer- 
microscope.    The  hardness  number  is  i  divided  by 
width  of  scratch  in  millimeters.    A  few  of  his 
numbers  with  the  figures  of  the  Mohs  scale  in 
_  parentheses  are  subjoined:  Pb  16.8  (1.5),  Sn  234 
to  28.2   (2  to  3),  Cu  34.3  to  39.8  (3),  Zn  42.6, 
'  Ni    55.7.     KurnakofE-Schemtschuschny*   photo- 
FiG.  6.— Brinell  hardness  testing  S^^ph  the  Martens  scratch  under  a  known  mag- 
machine,  nification  and  measure  it. 

2.  Indentation  Hardness.^ — The  leading  ex- 
ponent of  the  method  of  producing  a  permanent  indentation  for  measuring  hard- 
ness is  Brinell.*  His  method  consists  in  forcing  a  hardened  steel  ball,  usually 
ro  mm.  in  diameter,  into  the  smooth  surface  of  the  metal  to  be  tested  and  mea- 
suring the  depth  of  the  indentation.  The  hardness  number  is  the  quotient 
obtained  by  dividing  the  pressure  in  kilograms  (3,000  kg.  for  iron  and  steel, 
500  kg,  for  softer  metals)  by  the  spherical  area  of  the  cavity  formed  in  square 
millimeters.    Thus,  with  a  5oo-kg.  load  the  hardness  numbers  of  some  non- 

'  Behrcns,  II., "  Das  Mikroscopische  Gef (ige  der  Mctalle  und  Legtrungen,"  Vosa,  Hambuig- 
Leipsic,  1898,  p.  SI. 

*Proc.  Birmingham  Philos.  Soe.,  1886,  v,  291. 

•  Martens- Henning,  op.  cit.,  p.  299;  Verh.  Vtr.  Be}.  GeiL-crbeficiss.,  1888,  ixvil,  40.  Mitt. 
Kgl.  tcchn.  Vcrsuchsansialt,  1890,  vni,  236. 

*  Zl.  anorg.  [hem.,  igoS,  i.\,  1. 

'Wahlberg,  /.  /.  and  St.  I.,  1901,  i.  143;  Ouillcry,  Rn.  Hit.,  1904,  i,  405;  Revillon,  p#. 
cil.,  190S,  V,  170;  Grenet,  op.  cil.,  1908,  v.  928;  Sthncider,  op.  cit.,  cxir.,  1911,  IX,  569.  Robin, 
/.  and  Si.  I.,  Carnegie  Mem.,  1911,  ni,  sjO.     Ammon.  Ti.  A.  I.  if.  E,  iqij,  xliv,  356. 
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ferrous  metals  are:  Cu  74.0;  Ag  59.0;  Sb  55.0;  Au  48.0;  Zn  46.0;  Al  38.0;  Sn 
14.5;  with  a  3,000-kg.  load  those  for  Swedish  charcoal  iron:  gray  179;  mottled 
444;  white  460. 

Various  apparatus  have  been  constructed  to  carry  out  this  test.  The  one 
shown  in  Fig.  6  is  the  latest  form.  It  consists  of  a  heavy  cast-iron  frame 
carrying  an  adjustable  table  for  the  support  of  the  test-piece  and  a  hydraulic 
press,  the  piston  of  which  holds  at  the  lower  end  the  steel  ball.  The  pressure 
is  applied  by  means  of  a  small  hand-pump,  and  is  read  in  kg.  on  the  dial.  In 
order  to  guard  against  error,  a  controlling  apparatus  is  provided  which  limits  the 
pressure  to  the  amount  for  which  the  apparatus  is  set.  It  consists  of  a  small 
pressure-cylinder  communicating  directly  with  the  main  cylinder,  and  contains 
a  frictionless  piston  with  cross-bar  provided  with  hangers  for  weights.  As  soon 
as  the  pressure  in  the  main  cylinder  has  reached  the  amount  desired  for  a  test, 
the  auxiliary  piston  with  its  controlling  weights  is  raised;  the  pressure  in  the 
main  cylinder  remains  constant  as  long  as  the  weights  of  the  control  are  held  in 
suspension.  In  testing  specimens  of  iron  and  steel,  the  pressure  is  maintained 
for  15  sec.,  in  the  case  of  softer  metals  30  sec.  is  required. 

Brinell^  determined  the  relation  that  exists  between  his  hardness  number 
and  the  yield-point,  ultimate  strength  and  elongtaion  of  a  metal.  Karmarsch^ 
pointed  out  years  ago  that,  with  the  exception  of  Zn  and  Al,  the  harder  a 
metal  the  greater  its  tensile  strength.  Kurnakoff-Schemtschuschny*  found 
that  the  Brinell  hardness  number  forms  a  true  measure  of  the  plasticity  of 
metals. 

A  modification  of  the  Brinell  method  is  that  of  Ludwik.^  The  results 
obtained  by  Brinell  are  governed  in  part  by  the  amount  of  pressure  and  the 
size  of  ball  used.  Ludwik  does  away  with  this  inconvenience  by  employing  a 
hard  steel  cone  with  a  top  angle  of  90°,  the  impressions  of  which  are  uniform 
regardless  of  the  pressures  used.  His  hardness  numbers,  of  course,  differ  from 
those  of  Brinell. 

An  indirect  method  has  been  devised  by  Ballantine.^ 

3.  Rebounding  Hardness. — This  method,  devised  by  Shore,  is  based  on 
measuring  the  rebound  of  a  hard  body  from  the  metal  that  is  to  be  tested.  The 
leading  parts  of  the  Shore  scleroscope,*  shown  in  Fig.  7,  are  a  glass  tube  11 
in.  long,  1/  2  in.  outside,  and  a  little  less  than  1/4  in.  inside  diameter,  graduated 
into  140  divisions;  a  cylindrical  drop  hammer  pointed  at  the  lower  end;  a  rubber 
bulb,  closing  the  top  of  the  glass  tube,  connected  with  tubing  to  another  near 

*Wahlberg,  loc.  cit, 

^Dingl,  Polyt.  /.,  1859,  CLiii,  415. 

'  Zt.  anofg,  Chem.f  1909,  LXiv,  149. 

*  Ludwik,  P.,  "Die  Kugelprobe,"  Springer,  Berlin,  1908. 
*/.  Franhl,  Inst.,  1908,  cucvi,  447. 

•  Shore,  Am,  Machinist,  1907,  xxx,  747. 

Springer,  Cass,  Mag.,  1908,  xxxiv,  388;  IronAge,  1908,  lxxxii,  555. 

Fr6ininville,  Rev.  Mit.,  1908,  v,  329. 

Shore,  Mei.  Ind,,  1910,  vin,  332;  Proc.  Am.  Inst.  Test.  Mat.,  1910,  x,  490;  Iron  Agt,  1910, 

LXXXVI,  490. 
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the  base;  a  frame  with  plumb-rod  and  screws  to  level  the  base  which  carries  the  1 
support  of  the  pinion  by  means  of  which  the  tube  is  raised  and  lowered  through  1 
a  rack ;  a  rod  with  sliding  holder  carrying  a  pointer  and  a  magnifying  glass,  and 
two  adjusting  screws. 

In  making  a  test,  the  specimen  is  so  placed  that 
the  smooth  surface  to  be  struck  by  the  hammer  is  levd, 
and  the  tube  lowered;  the  upper  rubber  bulb  is  com- 
pressed and  suddenly  released  when  the  suction  draws 
up  the  drop-hammer,  which  is  held  at  the  top  of  the 
tube  by  a  suitable  device;  a  valve  is  opened  to  con- 
nect the  tube  with  the  air  and  the  lower  rubber  bulb 
then  squeezed  to  cause  the  hammer  to  fall.  Upon 
striking  the  test-piece,  the  hammer  rebounds;  the  ap- 
proximate height  of  rebound  is  found  by  a  preliminary 
trial,  the  pointer  is  adjusted,  and  the  exact  hmght  read 
with  the  lens  on  the  scale;  this  height  forms  the  hard- 
ness number.  With  a  large  mass  of  hard  metal  the  re- 
bound is  95  per  cent,  of  the  fall.  Table  s'  shows  how 
closely  the  results  of  the  three  methods  discussed  agree. 
The  scleroscope  gives  a  greater  hardness  to  cold-worked 
metal  than  the  other  two  methods.  Turner  and  Shore 
FiolT^Store  sdcr^pe.  ^^^''^  °"  ^"'^  copper,  as  do  Shore  and  BrineU  on  hard- 
drawn  copper.  The  investigations  of  Maurer*  upon  the 
hardening  and  annealing  of  steels  give  some  comparisons  of  methods  for  deter- 
mining hardness. 


Lead-. 
Tin... 


Zinc. . . 

Copper,  hard. 
Softest  iro 
Mild  steel. 
Soft  cast  ii 
Rail  steel. 
Hard  cast  it 
Hard  white 
Hardened  steel. 


'Turner,  J.  I.  and  Si.  I.,igog,  I,  434;  Engineering,  191 1,  Ji 

'  Melatlurgie,  1909,  vi,  33 

'Other  Comparative  Data:  Ballantine,  J.  Frankt.  Inst.,  IQ12.  c: 


;,  246,  JOS 
583. 
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An  instrument,  similar  to  that  of  Shore,  is  the  Rebondimeter  of  Tinberg,^ 
another  the  Bernard  Normameter.* 

4.  Cutting  Hardness.* — In  this  method,  a  drill,  with  a  given  weight  act- 
ing upon  the  point,  is  made  to  cut  a  hole  to  a  definite  depth;  the  number  of 
revcdutions  required  to  do  this  gives  the  means  of  comparison.  Keep's  hardness 
testing  machine*  is  used  to  determine  the  hardness  (workability)  of  cast  iron. 
A  3/8-in.  straight-fluted  drill  of  standard  hardness  bores  upward  into  the  test- 
piece  with  a  speed  of  200  r.p.m.  The  table  to  which  the  test-piece  is  clamped  is 
weighted  so  that  the  combined  weight  of  piece  and  table  is  150  lb.;  its  downward 
motion  is  recorded  autographically  on  a  diagram  in  which  dead-soft  material 
gives  a  horizontal  line,  and  material  that  the  drill  cannot  penetrate  a  vertical 
line.  A  straight  diagonal  shows  that  the  resistance  of  the  metal  to  penetration 
k  uniform,  a  deflection  upward  reveals  a  hard  spot,  one  downward  a  spongy  part. 

A  drill  with  diamond  point  intended  for  mineralogical  purposes  is  the 
Jaggar  microsclerometer.^  It  has  been  used  by  Boynton*  to  determine  the 
hardnesses  of  the  constituents  of  steel. 

.5.  Tensile  Hardness. — In  general  it  holds  true  that  the  greater  the  tensile 
strength  and  the  lower  the  elastic  limit  of  a  metal,  the  greater  the  hardness. 
This  question  has  been  recently  investigated  by  Kiirth,^  Devries  and  Shore* 
and  by  Guillery.®  In  determining  tensile  hardness,  it  is  essential  that 
only  thoroughly  annealed  metal  be  used,  as  mechanical  treatment  (ham- 
mering, rolling,  drawing)  greatly  raises  the  yield-point  while  it  does  not 
affect  the  surface  hardness;  hard-drawn  copper,  e,g,,  will  show  the  same 
surface  hardness  as  cast  copper. 

6.  Calculation  of  Hardness. — This  is  based  on  the  fact  that  soft  metals 
have  great  atomic  volumes  (atom.  wt. :  spec,  gr.)  and  hard  ones  small.  Bottone^® 
gives  the  following  values,  with  diamond  as  3010  at  the  top  of  the  series:  Mn 
1456,  Co  1450,  Ni  1410,  Fe  1375,  Cu  1360,  Pd  1200,  Pt  1107,  Zn  1077,  Ag  990, 
In  984,  Au  979,  Al  821,  Cd  760,  Mg  726,  Sn  651,  Pb  570,  Tl  565,  Ca  405,  Na 
400,  K  230.     Benedicks^ ^  has  elaborated  this  idea. 

7.  General. — The  hardness  of  metal  is  greatly  affected  by  the  presence 
of  very  small  amounts  of  other  elements.  Thus,  Fe  by  C,  P,  Si,  Mn,  W,  Cr, 
etc.;  Cu  by  P,  As,  Sb,  Sn,  Mn,  Ni;  Ag  by  Au,  Cu;  Sn  and  Pb  by  As  and  Sb; 
and  so  on. 

*  Cook,  Foundry,  19 10,  xxxvi,  121. 
^  Rev.  Mil,,  1912,  DC,  570. 

*  Kirsch,  Miilh.  k.  k.  Technolog.  Gcwerhemuseum,  1891,  xi,  79;  Oest.  Zt.  Berg-Hiittenw., 
1896,  XLiv,  91. 

*  Keep,  W.  J.,  "Cast  Iron,"  Wiley,  New  York  1902,  p.  1S7. 

*  Jaggar  Am,  J,  Sc,  1897,  iv,  399;  Boynton,  J.  I.  and  Si.  7.,i9o6,  11,  291. 

*  Op.  cil.,  1906,  II,  287,  1908,  II,  133. 

^Zl,  Ver,  deutsch.  Ing.,  1908,  lit,  1560,  1608. 
*Proc.  Am,  Soc.  Test.  Mai.,  1911,  xi,  726,  733. 

*  Proc.  Int.  Assoc,  Test.  Mai.,  New  York,  191 2,  iii*. 

"  Am.  J,  Sc,  1873,  CL,  644;  Pogg.  Ann.,  1873,  l,  640;  Chem.  News,  1873,  xxvii,  215. 
"  Zl.  phys.  Ckem.,  1901,  xxxvi,  529. 
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The  temperature  61  a  metal  greatly  aflfects  the  hardness.  Kiirth*  found 
that  with  the  non-ferrous  metals  Cu,  Ag,  Ni,  Al,  Zn  and  Sn  the  hardness  de- 
creased as  the  temperature  rose,  and  that  with  annealed  steels  containing  C 
0.20  to  0.75  per  cent.,  the  hardness  diminished  as  the  temperature  rose  from  20® 
to  150°  C,  increased  slightly  from  150**  to  250**  C,  and  then  diminished  rapidly 
from  250**  to  500**  C. 

Hard  metals  are  more  or  less  sonorous.  According  to  Robin,*  this  property 
is  weaker  with  metals  when  pure  than  when  alloyed  with  a  small  amount  of 
another  metal;  it  decreases  with  the  rise  of  temperature  and  disappears  at  a 
red  heat. 

10.  Strength  of  Metal. — The  strength  of  a  metal  is  shown  by  the  resistance 
it  opposes  to  forces  which  tend  to  change  its  shape.  These  may  lead  to  rupture, 
crushing,  bending,  twisting  and  shearing  of  the  metal  and  call  forth  corre- 
sponding tensile,  crushing,  bending,  torsional  and  shearing  resistances. 

Small  amounts  of  foreign  elements  present  in  a  metal  or  purposely  added  to 
it,  greatly  modify  the  strength  of  a  metal.  Roberts- Austen'  has  tried  to  trace 
a  connection  between  the  atomic  volumes  (at.  wt. :  spec,  gr.)  of  some  elements 
and  the  eflfects  they  produce  when  added  to  metals  with  which  they  form  solid 
solutions.  The  strength  of  a  metal  is  further  altered  by  mechanical  treatment 
and  annealing,  by  the  temperature,  and  by  the  so-called  fatigue.  Hammering, 
rolling  or  drawing  increases  the  strength;  annealing  again  decreases  it;  raising  the 
temperature  diminishes  it,*  while  lowering  the  temperature*  has  the  opposite 
eflfect  and  increases  the  hardness. 

Fatigue*  of  a  metal  has  been  called  the  diminution  of  strength  due  to  fre- 
quent applications  and  reversions  of  stresses.  It  has  been  believed  that  these 
alternations  (vibratory  stresses)  caused  rearrangement  of  molecules  (crystalliza- 
tion) and  thus  a  change  in  strength ;  it  has  also  been  held  that  such  deterioration 
was  due  to  microscopic  flaws  which  in  time  became  planes  of  rupture.  Ewing 
and  Humphrey'  found  by  subjecting  Swedish  iron  to  alternating  stresses  inside 

*  Zt.  Ver.  deuisch.  Ing.y  1909,  liii,  85,  209. 

^  J,  I.  and  St.  /.,  Carnegie  Schol.  Mem.,  1911,  iii,  125;  Rev.  Mfl.y  1912,  ix',  618. 

*  Proc.  Roy.  Soc,  i888,XLiii,  425)  Phil.  Trans.  Roy.  Soc,  Ser.  A,  1888,  clxxdc,  339;  "Intro- 
duction to  the  Study  of  Metallurgy,"  1910,  p.  104. 

*  Baudrimont,  Ann.  chim.  phys.,  1850,  xxx,  304;  Pogg.  Ann.,  1851,  xxii,  156;  Le 
Chatelier,  Compt.  Rend.,  1889,  cix,  24;  Berg.  IliiU.  Z.,  1890,  xlix,  73;  KUrth,  Zt.  Vecdeutsch. 
Ing.,1909,  LIII,  85,  209. 

*  Dewar,  Proc.  Roy.  Soc,  1893-95,  xrv,  i;  Chem.  News,  1895,  lxxi,  200;  Dewar-Hadfield, 
Proc.f  Roy.  Soc,  1904,  xlvii,  326;  Chem.  News,  1905,  xci,  13;  Hadfield,  J.  I.  and  St.  /.,  1905,  i, 
147;  Baumann,  R., ''Die  Fcstigheitscigenschaften  der  Metalle  in  der  Warme  und  K&lte," 
Kroner,  Stuttgart,  1907. 

*  Stanton-Bairstow,  Proc.  Inst.  Civ.  Eng.,  1905-06,  CLXVi,  pt.  iv,  p.  78;  Arnold,  Engineer, 
1905,  C,  158;  Eng.  Min.  /.,  1905,  Lxxx,  1105;  Gardner,  7.  /.  and  St.  /.,  1905,  i,  481;  Stanton, 
op.  cit.y  1908,  I,  54;  Souther,  Proc.  Am.  Soc.  Test.  Mat.,  1908,  viii,  379;  Le  Chatelier,  Rev. 
Mit.,  1909,  VI,  1156;  Smith,  Iron,  Coal  Trades  Rev.,  Sept.  30,  1910,  p.  532;  Rev.  Mil.,  191 1, 
VIII,  377;  Smith,  Engineering,  1909,  lxxxviii,  105;  Rev.  Mit.,  1910,  vii,  217;  Fremont, 
Genie  Civil,  1910-11,  lviii,  53,  74.     Wille,  Proc.  Am.  Soc.  Test.  Mat.,  1904,  rv,  321. 

''Phil.  Trans.  Roy.  Soc,  Ser.  A,  1903,  cc,  241;  Metallographist,  1903,  vi,  96. 
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the  elastic  limit  and  examining  microscopically  a  polished  part  trpm  time  to 
time  that  there  appeared  on  some  of  the  crystals,  probably  more  stressed  than 
others,  microscopic  slip-lines  similar  to  those  observed  with  simple  tensile  stresses 
outside  of  the  elastic  limit.     These  lines  showed  a  tendency  to  increase  in  num- 
ber and  to  broaden,  changed  into  slip-bands  which  grouping  together  covered 
the  surface  with  dark  markings.     At  this  stage  cracks  appeared  in  some  of 
the  crystals,  formed  by  the  crystals  3delding  along  the  slip-bands,  and  joining 
formed  a  fissure  which  quickly  caused  the  specimen  to  break.    Thus  a  micro- 
so^ic  crack  can  be  formed  by  alternating  stresses  in  an  otherwise  perfectly 
sound  metal,  and  cause  final  breaking. 

Tensile  Strength  is  the  greatest  stress  a  metal  can  bear  without  rupture. 
When  a  piece  of  metal  is  pulled  in  a  testing  machine,  it  is  stretched  uniformly. 
If  the  force  be  released,  the  metal  will  resume  its  original  form  on  account  of  its 
elasticity  up  to  the  elastic  limit.  If  the  force  be  increased,  the  metal  will  undergo 
a  permanent  elongation  and  be  finally  ruptured  with  a  decided  reduction  of  area  of 
cross-section.  The  ultimate  tensile  strength  and  the  (commercial)  elastic 
limit  are  measured  in  pounds  per  square  inch,  the  elongation  in  percentage  of 
the  original  length  (  =  8  in.  of  the  uniform  cross-section  to  which  the  test-piece 
was  reduced),  and  the  reduction  of  cross-section  by  the  percentage  of  difference 
between  original  and  broken  areas,  and  original  area. 


Table  3. — Tensile  Strength  of  Some  Metals  at  Ordinary  Temperature 


Metal 


Tensile 

strength, 

lbs.  per 

sq.  in. 


Co 

Xi 

Fe,  rolled 

Fe,  cist 

Pd 

Pt,  cast 

Pt,  wire,  unannealed. 
Pt,  wire,  annealed. . . 

.\g,  cast 

Cu,  cast 

Cu,  sheet 

'  Cu,  bolts 

Cu,  wire,  hard  drawn 
Cu,  wire,  soft  drawn. 
Au,  cast 


7S,cSoo 
S4,ooo 
SS,ooo 
48,000 
50,000 
45,000 
56,000 
32,000 
41,000 
24,000 
30,000 
34,000 
60,000 

35.500 
20,000 


Au,  wire,  hard  drawn. 
Au,  wire,  soft  drawn  . 

Al,  cast 

Al,  rolled 

Al,  hammered 

Al,  drawn 

Te,  cast 

Zn 

Sn,  cast 

Sn,  drawn 

Bi,  cast 

Pb,  cast 

Pb,  pipe 

Pb,  sheet 

Sb,  cast 


Tensile 

strength, 

lbs.  per 

sq.  in. 


37,000 
24,000 

12,590 
19,290 

22,575 
17,007 

8,500 

5,000 

4,600 

5,800 

3,000 

2,050 

1,650 

1,720 

1,000 


Crushing  Strength. — There  is  no  ultimate  crushing  strength  with  metals 
under  compressive  stress,  as  when  the  load  on  a  metal  is  increased  beyond  a 
certain  point  it  simply  spreads.     Inside  this  point,  the  (apparent)  elastic  limit, 
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a  metal  resumes  its  original  form  after  removal  of  the  load.  With  iron  and  stcd 
the  compression  elastic  limit  is  the  same  as  with  tension  so  that  compression 
tests  are  rarely  made. 

For  Bending,  Twisting  and  Shearing  strengths  the  treatise  of  Martens-Hen- 
ning  quoted,  or  other  similar  works,  must  be  consulted. 

11.  Brittleness^  and  Toughness. — A  metal  is  said  to  be  brittle  when  a  slight 
miBchanical  deformation  or  a  sudden  change  of  temperature  produces  rupture. 
Brittleness  must  not  be  confounded  with  hardness;  sealing-wax,  «.^.,  is  brittle, 
but  not  hard.  All  metals  are  brittle  at  temperatures  approaching  their  melting 
points;  if  held  at  these  temperatures  for  some  time,  they  assume  a  coarse,  fissured 
structure,  and  are  said  to  be  burnt.  Good  examples  of  this  are  furnished  by 
the  metals  Zn,  Cd,  Sn  and  Cu,  and  the  alloys  brass  and  steel.  The  normal  states 
of  a  metal  can  often  be  restored  by  slow  heating  to  a  suitable  temperature 
followed  by  quick  cooling.  Heating  or  cooling  a  metal  too  quickly  is  likely  to 
cause  brittleness  on  account  of  the  uneven  expansion  or  contraction  of  the 
crystals.  Brittleness  is  usually  increased  by  the  presence  of  a  foreign  substance, 
also  by  a  low  temperature  (see  §  lo). 

The  reverse  of  brittleness  is  toughness.  Besides  the  purity,  the  tempera- 
ture of  a  metal  has  much  influence  upon  its  toughness.  Martens*  has  ar- 
ranged the  following  metals  in  the  order  of  their  toughness  according  to 

^       ,  ,         ,        ,      Ultimate  Strength    Per  cent,  elongation  in  test-length 

Toughness  of  test-length  =  — \r •  i  j  t>  •  z  —  X ^— 

**  °  Yield  Point  loo 

as  follows:  Pb,  Pt,  Fe,  Al,  Ni,  Zn,  Sn,  Cu,  Au  and  Ag. 

12.  Plasticity,  or  the  property  of  permitting  large  permanent  deformation 
without  rupture,  is  characteristic  for  metals  which  are  soft,  inelastic  and  tough. 
The  more  prominent  these  properties  in  a  metal,  the  easier  will  it  be  to  roll, 
forge,  draw  or  spin  it.  Ewing  and  Rosenhain'  have  shown  that  the  plastic 
movement  in  a  metal  is  due  to  slips  in  a  crystal  in  certain  directions  along  so- 
called  cleavage  or  gliding  planes.  When  the  plastic  deformation  of  a  metal 
begins,  the  faces  of  a  crystal  grain  show  under  the  microscope  fine  lines  which 
grow  in  number  as  the  strain  increases.  At  first  they  are  approximately  at 
right  angles  to  the  direction  of  the  pull;  as  the  strain  increases  lines  of  a  different 
direction  appear  on  other  grains,  and  later  several  systems  of  intersecting  lines 
on  a  single  grain  may  be  seen.  These  slip-lines  or  slip-bands  are  not  cracks, 
but  steps  in  the  surface,  as  the  strained  metal  recovers  its  original  elasticity  after 
it  has  been  allowed  to  rest  or  has  been  annealed.  The  same  authors  have  also 
found  that  the  crystalline  structure  of  metals  is  not  destroyed  by  strain,  but  that 
certain  metals,  especially  Cu,  Au,  Ag,  Pb,  Cd,  Sn,  Zn  and  Ni  are  often  likely  to 
form  twin  crystals;  twinning  does  not  occur  in  Fe.    Plastic  yielding  may  there- 

^  Charpy,  "Rapport  sur  les  essais  des  m6taux  par  choc/'  at  Copenhagen,  Rev,  Mil,,  1909, 
VI,  1229. 

*  Op,  cit.,  p.  307. 

*Philos,  Trans.  Roy.  Soc,  Ser.  A,  1899,  cxciii,  353;  1901,  cxcv,  279;  M^aUograpkist, 
1900,  m,  94;  1902,  V,  81;  Proc.  Roy.  Soc.^  1905,  lxxiv  557;  J.  I.  and  St.  /.,  1906,  n,  189. 
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fore  be  due  in  part  also  to  the  formation  of  twin  crystals.    Humphrey^  has 
carried  further  the  work  of  the  above  investigators. 

'Foushness 
According  to  the  formula:  Plasticity  =  ^^dV  '      ^  1000,  Martens' has 

placed  the  following  metals  in  the  given  order:  Fe,  Pt,  Ni,  Al,  Zn,  Cu,  Ag, 
AUy  Pb  and  Sn.  Coarsely  crystalline  metals,  such  as  As,  Sb  and  Bi,  being  rather 
indastic  and  brittle,  are  not  easily  deformed  without  rupture.  Kurnakoff- 
Schemtschuschny'  give  the  following  order:  K,  Na,  Pb,  Tl,  Sn,  Bi,  Cd,  Zn, 
Sb,  which  supplements  the  one  of  Martens;  they  found  that  the  plasticity  of  a 
metal  is  proportional  to  its  Brinell  hardness  number. 

As  the  crystallinity  of  most  metals  becomes  much  developed  when  they  are 
subjected  to  mecham'cal  treatment,  the  plasticity  becomes  impaired;  it  is 
restored  by  annealing  and  then  allowing  them  to  cool  slowly.  These  tempera- 
tures vary  with  the  metals.  Some  metals  can  be  permanently  deformed  at  all 
temperatures;  others  only  at  a  red  heat,  they  crack  at  ordinary  temperatures 
(are  cold-short) ;  again  metals  can  be  readily  rolled,  hammered,  drawn  at  ordinary 
temperature,  but  not  at  a  red  heat  (are  red-short) ;  finally,  some  metals  can  be 
worked  only  within  a  small  range  of  temperature;  thus,  Zn  is  brittle  up  to  and  at 
100°  C,  and  above  200**  C,  but  readily  malleable  at  150**  C.  Plasticity  is  very 
much  influenced  by  the  casting  temperature,  the  preceding  mechanical  and 
thermal  treatment  and  the  piuity  of  a  metal,  and  further  by  the  rate  at  which 
the  deforming  force  is  applied. 

The  three  means  usually  employed  for  permanently  deforming  a  metal  are 
by  rolling,  forging  and  drawing;  others  are  spinning,  pressing  and  punching. 

Malleability  is  the  property  of  metals  of  peftnanently  extending  in  all 
directions  without  cracking  when  rolled  and  forged.  The  following  order  of 
malleability:  Au,  Ag,  Al,  Cu,  Sn,  Pt,  Pb,  Zn,  Fe,  Ni  gives  an  approximate 
idea  of  the  behavior  of  metals  in  rolling. 

Ductility  is  the  property  of  metals  of  permanently  extending  by  traction, 
or  the  property  that  enables  them  to  be  drawn  into  wire.  Ductility  is  closely 
related  to  malleability,  but  not  identical  with  it  as  seen  by  the  following  order: 
Au,  Ag,  Pt,  Fe,  Ni,  Cu,  Al,  Zn,  Sn,  Sb. 

Flow  of  Metals.* — The  permanent  deformation  of  a  metal  caused  by  the 
application  of  pressure  is  due  to  the  movement  of  the  molecules  after  the  )deld- 

^PkUos,  Trans,  Roy.  Soc,  Ser.  A,  1903,  cc,  225;  Proc.  Roy,  Soc,  1902,  Lxx,  462. 
See  also  Osmond-Fr6mont-Cartaud,  Rev,  Mit.y  1904,  i,  11;  Rogers,  op.  cU,,  1906,  m,  518; 
Gulliver,  Proc,  Inst,  Mech,  Eng.,  1905,  141;  Mallock,  Proc.  Roy,  Soc.y  1909,  ixxxn,  A,  26; 
Campbell,  Proc.  Ind,  Mech.  Eng.,  1901,  859;  Fremont,  Rev.  MH.,  1905,  n,  801;  Osmond- 
Cartaud,  op.  cit.,  1906,  iii,  653;  /.  /.  and  St.  /.,  1906,  in,  144;  Tammann,  Zt.  Electrochem., 
191 2,  XVIII,  584. 

«  Op.  cU. 

'  Z/.  anorg.  Chem.y  1909,  lxiv,  149. 

*  Tresca,  "  Sur  r6coulement,  **  Acad^mie  des  Sciences,  Memoirs  des  Savants  £trangers, 
1868,  xvin,  733;  1872,  XX,  75,  281;  Compt.  Rendus  1864,  xlix,  754;  1865,  lx,  398;  1867, 
ixiv,  809;  1868,  Lxvi,  263;  Rev.  Un.  des  Mines,  1866,  xx,  188;  /.  Frankl.  Inst.,  1866,  li, 
371.  LaminageetForgeage:  Af^moi>5  5avan/5,£/r.,  1872,  XX,  137;  Compt.  Rend.,  1883,  xcvi, 
1821,  xcvii,  222,  510,  928.  Poinconnage:  M6m.  Savants,  i.tr.,  1872,  xx,  617;  Compt.  Rend*, 
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point  has  been  reached.  It  has  always  been  held  that  metals  flowed  Eke  viscoiu  I 
fluids,  but  Ewing  and  Rosenhain'  have  shown  that  the  flow  is  not  homogeneoiu 
throughout  the  mass,  but  is  due  to  slips  occurring  in  a  limited  number  of  places. 
The  form  and  rapidity  of  flow  depend  upon  the 
structure  and  temperature  of  the  metal,  the  nature 
of  the  pressure,  and  the  duration  of  pressure. 
Tresca,  m  1865,  was  the  first  to  study  the  flow  of 
melals  under  pressure.  In  one  of  his  experiments, 
Figs  8  and  9,  he  used  a  cast-iron  cylinder  A ,  3.94  in. 
m  diam  ,  nith  shoulder  carrying  a  die  C  having  an 
openmg  i  rS  in.  in  diam.  In  the  cylinder  were 
placed  10  discs  of  sheet  lead,  0.13  in.  thick,  as  in- 
dicated by  the  dotted  lines  D.,  and  then  hydraulic 
pressure  was  applied  to  a  piston  closely  fitting  the 
cylinder  The  lead  flowed  through  the  orifice  in 
the  form  of  a  jet,  1.18  tn.  in  diam.  and  7.87  in. 
long,  rounded  at  the  bottom  and  consisting  of  as 
many  concentric  tubes  as  there  were  sheets  of  lead. 
The  flow  of  metal  in  punching,  as  shown  by  Fre- 
F.os.  8  AND  9.-now  of  solid  '"°"t''  's  represented  in  Fig.  10.  The  block  to  be 
meial  under  pressure.  punched,  4.72  in.  sq.  and  2.52  in.  thick,  was  made 
up  of  sixteen  separate  sheets  of  lead,  0.16  in.  thick; 
the  punch  was  0.79  in.  in  diam.  The  disc  cut  out  was  found  to  be  only 
1.32  in.  thick  instead  of  the  original  3.52  in.    This  proved  that  the  metal  had 


Flow  of  solid  metal  in  punching. 


if,  LXViH,  1197;  1870,  Lxx,  17.  288,  368.     Raboiage:  Compl.  Rend.,  1871,  uocm,  1307; 
11,  XX,  584,  6ss;  1874, 1.  503;  P""^-  Engl.  Insl.  Mech.  Eng.,  1867,  cxiv,  114. 

Martens-Henning, "  Handbook  of  Testing  Materials,"  Wiley,   New  York,  1899,  p.  86. 

Hartman,  L., "  Distribution  dus  deformations  (les  mftaux  soiimisi  dcs  efforts,"  Paris,  1896. 

Fredmond,  Bull.  Soc.  d'Enr.,  1896,  mi. 

Tissot,  Bidl.  Soc.  Ind.  Min.,  1900,  xrv,  3,  1660. 

Osmond -Friniont-Cartaud,  Rev.  Utl,,  1904,  i.  11;  1905,  11,  311. 

Obermaycr-Tammann-Werigin-Lewkojew,  Bcibl.  Ann.  Phys.,  1905,  XXXIX,  6. 

Horl,  BerkhU  dtr  deuUch.  phys.  Gfsetl.,  1907.  v,  54. 

Frtmont,  Rev.  Mil.,  190S,  v,  678,  el  !eq. 


GuHivcr,  Ptoc.  Roy.  Soc.  Hditibiirgh,  1909. 
Janecke,  Mclallargie,  ipii.  Vlll,  68;  Ext 
Lxxxv,  :5o7;£ng.  Ren.,  igio.xxxiii.sio. 

'  Rev.  Mil.,  1908,  V,  684;  sec  also  Townscnd,  J.  Frankl.  h 
Iron  Age,  1890,  xlv,  94S. 


i8;  Itev.  Affl.,  Eilr.  igio,  vii,  443, 
{squirting)   of   Metal,  Iron   Age,  1910. 
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flowed  away  from  underneath  the  punch  until  it  had  grown  so  thin  that  the 
resistance  to  shearing  had  become  less  than  the  pressure  on  the  punch. 

In  making  tensile  tests^  with  a  plastic  metal,  the  metal  stretches  uniformly 
until  the  yield-point  is  reached  and  then  begins  to  flow  from  the  ends  toward 
the  center.  When  the  flows  have  met,  the  metal  having  become  perfectly 
plastic  will  be  stretched  again  uniformly  throughout  its  length.  Now  a  local 
contraction  (necking  down)  begins,  because  the  metal  3delds  more  rapidly  at 
one  cross-section  than  at  another,  and  elongation  occurs  only  in  the  immediate 
vicinity  of  the  contraction;  the  cross-section  becomes  smaller  imtil  finally 
rupture  occurs  with  a  reduction  of  area  of  cross-section  of  50  or  more  per  cent. 
In  testing  an  iron  rod  as  it  comes  from  the  rolls,  the  first  superficial  change  is  a 
peeling-off  of  the  mill-scale;  if  the  rod  has  been  polished,  the  surface  will 
become  dull  after  the  )deld-point  has  been  passed,  then  crinkled,  more  or  less 
scarred,  grooves  will  form  with  soft  metals;  and  finally  the  break  will  show  cup- 
shapes  ranging  from  a  perfect  cone  and  cup,  through  a  tnmcated  cone  to  an 
oblique  fracture.  In  rolling  or  hammering,  metals  assume  their  shapes  by 
virtue  of  the  flow  of  molecules. 

The  stretching  and  spreading  effect  of  rolls  is  discussed  in  §289. 

13.  Welding  Power^  is  the  property  which  some  metals  possess  of  forming 
a  solid  imion  wlien  extraneous  pressure  is  applied.  Pt,  Fe  and  Ni  show  this 
property  to  a  marked  degree.  If  two  metals  are  to  be  welded,  the  parts  must  be 
brought  into  such  intimate  contact  that  they  may  be  joined  by  the  cohesion  of 
the  molecules.  Ordinarily  this  contact  is  effected  by  bringing  the  metals  to  the 
temperatures  at  which  they  become  pasty,  when  the  motion  of  the  molecules  is 
so  accelerated  that  they  interpenetrate  or  diffuse  into  one  another.  In  heating 
readily  oxidizable  metals,  it  is  essential  to  exclude  air  in  order  to  retain  clean  sur- 
faces, or  to  use  fluxes  which  ^\411  slag  any  oxides  produced  by  heating  and  form 
an  impervious  coating.  Ewing  and  Rosenhain'  have  welded  at  ordinary  tem- 
perature two  cast  discs  of  lead,  i  1/2  in.  diam.,  suitably  cleaned,  by  subjecting 
them  to  a  pressure  of  5  tons,  thus  showing  that  pressure  to  a  certain  extent 
can  replace  heat.  Spring*  welded  filings  or  powders  of  a  metal  to  a  solid  block 
by  placing  them  in  a  steel  cylinder  and  subjecting  them,  by  means  of  a  steel 
piston,  to  great  pressures.  He  proved  experimentally^  that  the  heat  evolved 
in  his  extremely  slow  compression  was  insufficient  to  fuse  any  metal  In  this 
way  filings  of  lead  under  a  pressure  of  13  tons  per  sq.  in.  were  compressed  to  a 
block  in  which  no  filings  could  be  detected  with  a  microscope.  The  lead  thus 
obtained  had  a  specific  gravity  of  11.5,  while  that  of  the  lead  after  simple 
fusion  was  11.3.     Sn  required  19  tons;  Cu,  33;  Zn,  Sb,  Al,  Bi,  each  38  tons.     If 

*  Kirsch,  Mittheilungcn  der  kgl.  Versuchsanstalten  zu  Berlin,  1887,  v,  69;  1888,  vi,  37; 
1889,  VII,  9. 

Kirkaldy,  "Strength  and  Properties  of  Materials,"  London-New  York,  1891,  Plates  24 
and  25. 

*  Law-Merrett-Digby,  J.  I.  and  St.  /.,  191 1,  i,  103. 

*  Phil.,  Trans.  Roy.  Soc,  Ser.  A,  1901,  cxcv,  279;  Metallographist,  1902,  v,  106. 

*  Ann,  Ckim,  Phys.y  1881,  xxii,  170;  Bull.  Soc.  Chim.,  1883,  XL,  520. 

*  BuU,  Soc,  chim.,  1884,  xli,  488. 
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the  pressure  is  increased  above  that  required  to  form  a  block,  it  will  be  converted 
into  heat;  thus,  if  with  lead  the  pressure  is  increased  to  33  tons,  the  lead  begins 
to  flow,  while  Sn  requires  47  tons  pressure  to  make  it  flow. 

14.  Diffusion  of  Metals.^ — When  samples  are  taken  from  a  bath  of  silver* 
bearing  copper  in  a  reverberatory  furnace  and  assayed,  the  results  will  show  that 
the  silver  is  uniformly  distributed  through  the  copper.  This  imiform  spreading 
of  one  metal  in  another  is  due  to  diffusion  or  molecular  mixing.  The  experi- 
ments of  Roberts- Austen  have  shown  that  solid  metals  diffuse  in  liquid  metals 
as  do  salts  in  water,  and  that  even  solid  metals  diffuse  in  one  another  at  ordinary 
temperature.  As  the  rate  of  diffusion  is  greatly  increased  by  a  rise  of  tempera- 
ture, the  diffusion  of  molten  metals  is  almost  instantaneous,  that  of  solid  and 
molten  metal  a  great  deal  slower,  and  that  of  two  solid  metals  extremely  slow. 
Thus  Roberts- Austen  has  shown  that  "  the  amount  of  gold  which  would  diffuse 
in  solid  lead  at  ordinary  temperature  in  1,000  years  is  almost  the  same  as  that 
which  would  diffuse  in  molten  lead  in  one  day".  Le  Gris*  gives  a  number  of 
excellent  photomicrographs  which  clearly  show  the  progress  of  diffusion  between 
superimposed  layers  of  liquefied  metals. 

The  diffusion  of  C  in  Fe  is  the  basis  of  two  important  metallurgical  operations 
— the  carburization  of  iron  in  the  cementation  process,  and  the  decarburization 
in  the  manufacture  of  malleable  castings.  Diffusion  of  O  in  Cu'  causes 
copper  tubes  to  become  brittle  when  exposed  to  oxidizing  influences.  The 
peculiar  phenomenon  in  the  operation  of  kernel-roasting  of  Cu  that  travels 
toward  the  center  and  of  Ag  in  the  opposite  direction  has  been  attributed  by 
Roberts-Austen  in  part  at  least  to  diffusion. 

15.  Occlusion  and  Diffusion  of  Gases. — Some  metals  have  the  power  to 
dissolve  gases;  others  are  sufficiently  permeable  for  the  penetration  of  gases; 
again  gases  form  chemical  compounds  with  metals,  such  as  nitrides  (§63), 
hydrides  (§64),  etc.  The  recent  researches  of  Sievert  and  associates*  cover 
the  ground  almost  wholly.  They  found  that  N  and  H  are  insoluble  in  Cd,  Tl, 
Zn,  Pb,  Bi,  Sn,  Sb,  Al,  Ag  and  Au;  that  N  is  insoluble  in  Cu,  Ni,  Pd,  and  that 
CO  and  CO2  are  insoluble  in  Cu.  The  statement  of  the  insolubility  of  CO  in 
Cu  will  be  doubted  by  copper  refiners.  As  to  solubility  the  residts  show  that, 
under  certain  conditions,  H  is  soluble  in  Pd^,  Fe,  Ni,  Co,  Cu  (older  statements 

'  give  also  Au,  Tl,  Al),  O  in  Ag,®  N  in  /--iron,  SO2  in  Cu. 

Some  of  their  results  are  represented  graphically  in  Fig.  11.    The  straight- 

*  Roberts- Austen,  Philos,   Trans.  Roy,  Soc.  Ser.  A,    1896,  CLXXXVii,    z^y,  Proc.  Roy. 

SoC.y  1900,  LXVII,  lOI. 

Bruni-Meneghini,  InierncU.  J.  Metallography ^  191 1, 11,  26. 
^  Rev.  Mil.,  1911,  VIII,  613. 
•Heyn,  Mitth.  kgl.  Versuchsansi.^  Berlin,  1900,  xviii,  315. 

*  Zt.  phys.  Chem.y  1907,  lx,  129;  1909,  ixviii,  115;  Ber.  deulsch.  chem.  Ges.^  igog^XLU^ 
338;  1910,  XLiii,  893;  Zl.  anorg.  Chem.y  1909,  xliv,  29;  Zt.  Electrochem.y  1910,  xvi,  707; 
Stahl  u.  Eisetiy  1909,  xxix,  1248;  1910,  xxx,  1531;  Rev.  Mil.  Ext.y  1908,  v,  10;  1909,  vi, 
664;  191  o,  vii,  743;  Ber.  deutsch.  chem.  Ges.y  191 2,  xlv,  221. 

£.  Bergner,  Dissertation,  Leipsic,  191 2. 
*Valentiner,  Ber  deutsch.  chem.  Ges.  1911,  xiii,  1003;  /.  Inst.  Met.,  1912,  vii.  274. 

*  Donnan-Shaw,  /.  Soc.  Chem.  Ind.,  1910,  xxdc,  989. 
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curves  show  that  the  solubility  of  Hi  and  SOi  in  the  solid  metals  is  propor- 
al  to  the  temperature;  that  at  each  melting-fwint  there  is  a  break  when  the 
biUty  increases  with  rise  of  temperature  more  rapidly  than  in  the  solid 
al.     This  is  especially  noticeable  with  Cu,  which  in  the  solid  state  dissolves 
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Fic.  11, — Solubility  of  gases  in  metals. 

■dly  any  S0»,  at  least  at  atmospheric  pressure.'  The  solubility  of  0  in  Ag 
jidinary  temperature  is  zero,  it  reaches  its  maximum  at  the  melting-point,  and 
Teases  gradually  with  the  rise  of  temperature  of  the  liquid  metal.  Precipi- 
ed  Pt  and  Pt-metals  readily  absorb  O2,  Hi,  COi  and  HjO  which  when  driven 
'Schenck-Hempelmann,  Utlall-En,  19:3,  X,  J83. 
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off  by  heat  are  not  reabsorbed.     The  absorbing  power  of  Pd  for  H  forms  an 

exception  to  the  general  absorption  law  expressed  by  K=  -^-^,  inthatthesolu- 

bility  for  H2  decreases  rapidly  from  100**  to  250°  C,  more  slowly  from  250^10 
650^  and  changes  very  little  to  1540°  (see  Fig.  11),  the  melting-point  of  Pd. 

As  to  the  diffusion  of  gases,  Sievert  and  associates  show  that  Hj  readily  dif- 
fuses through  Fe,  Pd,  Pt,  Cu,  Ni,  as  does  O  through  Ag^  above  770°  C;  that  Hi 
does  not  penetrate  Al  and  Ag;  that  CO  does  not  diffuse  through  Cu,  Fe,  Ni,  nor 
SO2  through  Cu.  In  general,  the  diffusing  power  increases  with  the  temperature; 
it  usually  is  paralleled  by  the  dissolving  power,  the  leading  exception  being 
Pt  through  which  H2  diffuses  at  a  low  temperature,  but  by  which  it  is  not 

The  absorbing  powers  of  industrial  forms  of  iron,  for  gases,  have  been 
studied  by  Boudouard^  and  Goerens.*  The  mechanical  properties  of  some 
metals  are  strongly  affected  by  the  presence  of  gases  as,  e.g.,  that  of  steel  by  H.* 

16.  Fusibility. — At  ordinary  temperature  all  metals  are  solid  excepting  Hg, 
but  most  metals  can  be  fused  if  exposed  to  a  heat  of  sufficient  intensity.  A  few 
metals  which  remain  solid  when  heated  with  the  0-H  blowpipe  (2,000°  C.)  have 
been  liquefied  at  the  temperature  of  the  electric  arc  (3,500**  C). 

Table  4  by  Burgess^  contains  the  latest  data  of  the  melting-points  of  metals. 

Table  4. — Melting-points  of  Metals 


Metal 


Dcg.  C. 


Metal 


Deg.  C. 


MeUl 


Deg.  C. 


Hg 

K.. 

Na 

S.. 

Se. 

Sn. 

Bi. 

Tl. 

Cfl. 

Pb. 

Zn. 

Tc. 


Sb 
Ce 


-38-7 
62.3 

975 
113.5-119.2 

217-220 

23^  9 
271 

302 

320.9 

327  4 
4i9»4 
452 


As ,      500?,  850 


630 
640 


Mg. 

Al. 

Ca. 

St.. 

Ba. 

Ag. 

Au. 

Cu. 

Mn 

Si.. 

Ni.. 

Co. 

Cr.. 

Fc.. 


651 

658.7 

810 
>Ca,  <Ba? 

850 

960.5 
1,063 
1,083 
1,225 
1,420 

1,452 
1,490 

1,510 
1,520, 


Pd. 

Th. 

Va. 

Pt. 

Ti. 

Rh. 

Ru. 

Ir.. 

Ur. 

Mo 

Os. 

Ta. 

W. 

C. 


1,549 
>i,7oo<Pt 

1,730? 

1,755 
1,900? 

1.940 

>  1,950 
2,300? 

near  Mo 

2,500? 

2,700? 

2,850 

3,000 

>  3,600 


*  Troost,  Compt.  Rend.,  1884,  cxcviii,  1427. 

^  Rev.  Mdt.,  1908,  V,  69;  Metallurgies  1908,%',  277. 
'  Metallurgies  1910,  vii,  305  (with  bibliography). 

*  Heyn,  Staid,  u.  Eiscn,  1900,  xx,  837;  Wedding-Fischer,  op.  ciL^  1903,  xxxiii,  1268. 
/.  and  S.  Inst.,  Carnegie  Mem.  1911,  in,  236,  (Andrew),  249,  (Baker). 

*  J.  Wash.  Acad  Sc.  1911,  i,  16;  Circular  No.  35,  Bureau  of  Standards,  Washington,  D. 
C.,  June   15,  1912. 
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Arsenic  sublimes  at  450°  C.  without  fusing;  it  becomes  liquid  imder  the 
pressure  of  its  own  vapor  at  850®  C. 

If  the  junction  of  a  thermo-electric  pyrometer^  is  placed  in  a  fused  metal,  and 
this  is  allowed  to  cool,  and  if,  further,  simidtaneous  readings  of  temperature 
and  time  are  taken  and  plotted  by  coordinates,  a  cooling  or  time-Umperaiure 
curve  like  A-B,  Fig.  12,  will  result.  As  the  metal  cools,  the  temperature  sinks 
(branch  A-a)  imtil  solidification  begins  when  the  temperature  remains  constant 
(branch  a-b),  on  account  of  the  evolution  of  heat  caused  by  crystallization. 
Only  when  the  metal  has  become  completely  solid  will  the  curve  resume  its 
downward  course  (branch  b-B). 

In  heating  a  metal  above  its  melting-point  the  temperature  will  rise  from 
B  to  b,  when,  on  account  of  the  heat  absorbed  by  the  fusion  of  the  metal,  the 
temperature  will  remain  constant  (branch  b-a)  until  the  metal  is  completely 
fused,  then  the  temperature  will  rise  again  (branch  a- A).  The  slope  of  branch 
A-a  gradually  decreases  because  the  difference  in  temperatiu'e  between  metal  and 


Time 
Fig.  12. — Cooling  or  time- temperature  curves  of  pure  metal. 

atmosphere  grows  smaller  and  the  heat  lost  diminishes.  The  slope  of  branch 
b-B  is  steeper  than  that  of  /I -a,  as  the  specific  heat  of  the  liquid  metal  is  greater 
than  that  of  the  solid.  The  length  of  branch  a-b  depends  upon  the  weight  of  the 
metal,  its  specific  heat,  latent  heat  of  solidification  and  the  rate  of  cooling.  The 
purer  the  metal,  the  more  sharply  defined  will  be  the  branch  a-b. 

The  change  of  a  solid  cooling  metal  into  an  allotropic  form  causes  a  similar 
retardation. 

In  cooling  a  liquid  metal  slowly,  it  may  happen  that  the  temperature  sinks 
below  the  true  freezing-point,  curve  A^B\  Fig.  12,  to  a'  without  the  metal 
solidifying.  This  is  called  undercooling  or  surfusion,^  When  the  undercooled 
metal  begins  to  solidify,  the  liberation  of  the  latent  heat  of  fusion  reheats  the 
metal  to  the  true  freezing-point;  and  now  the  cooling  proceeds  through  6'c'J5' 
as  in  curve  A-B.  Undercooling  is  more  common  with  metals  than  with  alloys. 
Of  all  the  metals,  Sn'  has  shown  the  greatest  undercooling,  viz.,  20°  C,  while 

^Burgess,  EUctrochem,  Met.  Ind., igoSfVi,  366,  403;  Bull.  99,  U.S.  Bureau  of  Standards, 
Washington,  1908,  v,  No.  2. 

*  Riemsdijk,  Ann.  Mm.  phys.,  1880,  xx,  66;  Chem.  News,  1880,  XLi,  126,  266. 
Roberts- Austen,  Proc.  Roy.  Soc,  1898,  lxiii,  447. 

*  Reports^  Alloys  Research  Committee^  i,  1891,  543;  11, 1893, 102;  in,  1895,  238;  iv,  1897,  31; 
V,  1899,  35;  VI,  1904,  7,  859,  1319;  VII,  1905,  857;  VIII,  1907,  57. 
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with  Au  it  reaches  only  2.5®  and  with  Cu  about  7°  C.  Undercooling  may  be 
minimized  by  stirring  the  metal  while  it  is  cooling,  or  by  inoculating  it;  that  is, 
dropping  into  the  vessel  a  small  solid  particle  of  the  cooling  metal.  It  is  not 
known  that  a  metal  can  be  heated  above  its  melting-point  without  becoming 
liquid. 

If  a  metal  contains  a  small  amount  of  another  element  which  remains  free, 
i.e.,  unalloyed,  the  freezing-point  becomes  indistinct  and  may  even  be  obUter- 
ated,  curve  A''  B",  Fig.  12.  If  the  other  element  is  alloyed  with  the  metal, 
forming  a  solid  solution  (§29),  the  direction  of  the  curve  is  suddenly  changed 
from  the  normal,  as  shown  at  a'"  in  curve  -4'"  5'",  Fig.  12. 

In  Table  5  are  given  the  latent  heats  of  fusion  of  some  metals;  they  represent 
the  number  of  degrees  centigrade  through  which  i  kg.  H2O  would  be  raised  by 
I  kg.  of  each  of  the  several  metals  in  passing  from  the  liquid  to  the  solid  state. 

Richards^  found  that,  with  the  exception  of  Al,  Sn  and  Bi,  the  latent  heat  of 
fusion  of  I  kg.  of  metal  is  about  one-third  the  quantity  of  heat  required  to  raise 
it  from  absolute  zero  (—273**  C.)  to  its  melting-point,  or  equal  2.1  times  its 
melting-point  (degrees  centigrade  absolute  temperature)  divided  by  its  atomic 
weight.  The  high  latent  heat  of  fusion  of  Al  may  explain  the  fact  that  the 
metal  passes  through  a  mushy  stage  before  it  becomes  thoroughly  fluid. 


Table  5. — Latent  Heats  of  Fusion  of  Some  Metals 


Al 100. o 

Cu 43.0 

Te 19.0 

Bi 12.0 


Ni 68.0 

Zn 22.6 

Cd 13. 1 


17.  Volatility. — Most  metals  require  very  high  temperatures  to  be  converted 
into  vapor  by  means  of  heat.  Table  6  gives  the  boiling-points  of  metals  pub- 
lished by  Watts^  and  of  Greenwood.*  The  latter  have  received  the  preference, 
as  they  represent  actual  determinations  while  the  figures  of  Watts  are  approxi- 
mate numbers  for  the  metals  arranged  in  their  order  of  volatility  by  Moissan^ 
in  his  experiments  in  an  electric  furnace. 

Two  metals.  As  and  Os,  are  changed  into  vapor  without  melting. 

Krafft  and  Bergfeld^  give  the  data  regarding  the  volatilization  of  metals  in 
vacuo  shown  in  Table  8. 


*  /.  Frankl,  Inst.,  1893,  cxxxvi,  118;  1897,  cxliii,  382. 

*  Tr,  Am,  Elecirochem.  Soc,  1907,  xii,  141;  Electrockem,  Met.  Ind.,  1907,  v,  450. 
*Proc.  Roy.  Soc,  1909,  A,  lxxxii,  396;  Tr.  Faraday  Soc.y  1912,  vn,  145;  Elecirochem, 

Mel.  Ind. J  1909,  VII,  408;  Eng.  Mitt.  /.,  191 1,  xcii,  3;  Zl.  Elecirochem.,  19 12,  xviu,  319; 
Rev.  Mil.  Extr.y  1912,  ix,  520. 

*  Moissan,  H.-Mouilpied,  A.  T.  de,  "The  Electric  Furnace,"  Arnold,  London,  1904,  p.  29, 
or  tr.  by  Lehner,  V.,  Chemical  Publishing  Co.,  Easton,  Pa.,  1905,  p.  30;  Compi.  Rend.,  1906, 
CXLn,  425;  Eng.  Min.  J.,  1906,  lxxxi,  842;  VI  Internal.  Congress  Appl.  Chem.,  1906,  i,  6z. 

*  Ber,  deulsch,  chem,  Ges.,  1905,  xxxvm,  254;  Eng.  Min.  J.,  1905,  ixxix,  767. 
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Table  6. — Boiling-points  op  Some  Metals  at  Atmospheric  Pressure 


Metal 

Deg.  C. 

Metal 

Deg.  C. 

1 

Metal 

Deg.  C. 

Zd 

940  W 
1,025  w 

I,I20G 

i,42oG 
i,44oG 

Au 

2,200 
2,200  G 

2,27oG 

2,3ioG 
2,450  W 
2,450  G 
2,650  W     1 
2,700  w 

1 
Rh 

2,750  w 
2,780  W 
2,820  w 

Cd 

Cr 

Sn 

'  Ru 

Mg 

Pd 

Bi 

Cu 

Ir 

2,850  w 
2,950  w 
3,100  w 
3»35oW 
3,700  VV 

Sb 

Ni 

Os 

Pb 

Fe 

Ur 

»•/  «/■«- 

Al i        T.8oof; 

Pt 

Mo 

Ag 

1,955  G 

Ti 

W 

Table  7. — Boiling-points  of  Some  Metals  in  Vacuo 


Metal 


Beginning  of 

evaporation 

in  vacuo 


Hg 

Cd. 

Zo. 

K.. 

Na 

Bi.. 

Ag. 


Deg.  C. 

-40 

156 

184 

63 
98 

270 

680 


Boiling-point 

Boiling-point  at 

tn  vacuo 

760  mm. 

Deg.  C. 

Deg.  C. 

155 

357 

450 

749 

550 

920 

365 

667 

418 

742 

993 

1,700 

1,360 

2,070 

The  data  agree  with  those  of  Demarcay.^  Boudouard*  found  that  Fe  began 
to  be  volatilized  in  vacuo  at  900°  C.  and  was  decidedly  volatile  at  1,100®  C. 
Hughes*  found  that  Cu  was  rendered  volatile  in  vacuo  at  700**  C.  Other  data 
are  those  by  Kraft.* 

In  191 2  Turner*  separated  Zn  from  brass  by  heating  in  vacuo  to  1,200  °  C. ;  in 
an  impure  sample  of  brass,  he  removed  with  the  Zn,  all  the  Pb  and  As  present. 
He  also  succeeded  in  recovering  Zn  from  hard  head  (Zn  charged  with  Fe). 

In  the  smelting  of  Pb,  Ag,  and  Au  ores,  some  metal  is  lost  by  volatilization, 
although  the  boiling-points  of  those  metals  at  atmospheric  pressure  are  never 
reached.  Thus  men  working  over  a  kettle  filled  with  molten  lead  below  a  red 
heat  are  likely  to  feel  the  poisonous  effect  of  lead  fumes;  in  cupelling  Pb  at  a  red 

*  Compt.  Rend,  1882,  xcv,  183. 

*  Rev.  Mil,,  1908,  V,  74. 

'  J,  Inst.  Met.,  1912,  vn,  116. 

*  Ber.  deulsck.  chem.  Ges.,  i903,xxxvi,  1690;  i905,xxxvin,  262;  Kraft-Kuch-Haagn,  op.cit. 
1913,  XXVI,  1690;  Kraft-Lehmann,  op.  ciL,  1905,  xxxviii,  242;  Kraft-Merz,  op.  cii.,  1903, 
xxxvi,  4344;  Groves-Turner,  J.  Soc.  Chem.  Ind.,  191 2,  xci,  585. 

•/.  InsL  Met.,  1912,  vii,  105. 
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heat,  the  fume  is  readily  seen.  Richards^  shows  that  Ag  and  Au  are  volatilized 
when  melted  in  a  reverberatory  furnace  with  a  current  of  air  passing  over  them 
Kohlschiitter-Ehlers,*  studying  the  condensation  of  vapors  of  As,  Fe,  Cd  and 
Zn  in  vacuo,  in  the  presence  and  absence  of  indifferent  gases,  found  that  the 
condensed  metal  was  the  more  compact  the  smaller  the  amount  of  indifferent 
gas  that  was  present,  and  the  lighter  the  gas. 

i8.  Rrpansion  and  Contraction. — ^All  metals  expand  when  they  are  heated 
and  shrink  when  they  are  cooled.  The  expansion  of  metals  for  the  same  rise 
of  temperature  is  smaller  when  they  are  solid  than  when  they  have  been  liqu^ 
fied.  The  coefficient  of  linear  expansion  of  a  metal,  f  .f .,  the  elongation  of  its 
unit  of  length  when  the  temperature  rises  from  zero  to  i°  C,  is  one- third  that  of 
the  cubical  expansion.  Table  8  gives  the  coefficients  of  linear  expansion  of  the 
leading  metals  for  i**  C.  between  o  and  ioo°  C. 

Table  8. — CoEPFicrEXTS  op  Lixear  Expansion'  for  i**  C.  between  o  and  ioo*  C. 


Metal 


Coefficient 


Metal 


Coefficient 


Ag 0.000019 

Al 0.000023 

As 0.000006 

Au 0.000014 

Bi 0.000013 

Cd o . 000030 

Co 0.000012 

Cu 0.000017 

Fe 0.000012 

Hg 0.000181 

Ir 0.000007 

K o .  000083 

Mg 0.000027 


Xa 0.000072 

Xi 0.000013 

Os 0.000007 

Pb 0.000029 

Pd 0.000012 

Pt 0.000009 

Rh 0.000009 

Sb 0.000017 

Sn 0.000023 

Te 0.000017 

Tl 0.000031 

Zn 0.000029 


With  the  exception  of  Sb,  Bi  and  Sn,  the  order  of  expansion  is  similar  to  the 
order  of  fusibility,  or  metals  with  a  low  melting-f)oint  have  a  high  coefficient  of 
expansion  and  vice  versa.  The  coefficient  of  expansion  increases  with  the 
temperature — near  the  melting-point  of  a  metal  the  increase  is  very  decided;  it 
varies  also  \*'ith  the  physical  condition  of  the  metal  (cast,  rolled,  hammered, 
hardened,  annealed) — thus  an  operation  which  increases  the  density  will  also 
increase  the  rate  of  expansion;  with  metals  cr>'stallizing  in  the  isometric  system, 
the  expansion  vdW  be  the  same  for  the  three  dimensions,  unless  it  be  hamp>ered  by 
the  metal  being  strained  in  some  direction;  >\'ith  metals  crj'stallizing  in  other 
systems,  the  expansion  will  be  unequal. 

Shrinkage  is  the  reverse  of  expansion,  hence  the  coefficient  of  expansion 
is  a  true  measure  for  shrinkage.     But  the  coefficient  increases  with  the  tempera- 

***  Metallurgical  Calculations,"  McGraw  Publishing  Co.,  Xcw  York,  1908,  m,  588. 
*  Zt.  EUclrochem.,  191 2,  x\iii,  3731. 
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.  tun  suid  is  suddenly  changed  when  a  metal  changes  from  the  solid  to  the  liquid 
ftate.    Wiist^  has  investigated  the  shrinkages  of  a  number  of  metals  and  alloys. 
[.  tbt  results  with  metals  are  given  in  Tables  9  and  10.    The  figures  show  the 
\    shrinkage  during  freezing  and  the  total  shrinkage,  both  expressed  in  per  cent. 

•  Table  o. — Analyses  op  Metals 

■ 

i 


1 


: 


MeUl 

Pb 

Sn 

Zn 

• 

Fc 

Al 

Cu 

r 

Bi 

Sb 

Pb 

98.2 

1.27 

Zn 

97.3 

2.67 

Sn  (Banca) 

100 

99  8 

Sn 

i_ 

Al 

0.33 
0.35 

99.16 

. 

Cii 

••"••■•■ 

99.16 

Bi 

0. 12 

* 

i 

99.80 

Sb 

0.34 

I-30 

0.56 

97. 09 

Table  10. — Shrinkage  of  Metals 


Metal 


Casting 

temperature, 

deg.  C. 


Freezing- 

IK)int, 

deg.  C. 


Shrinkage 

during 

freezing, 

per  cent. 


Total 

shrinkage, 

per  cent. 


Pb 

Pb 

Zn 

Zn 

Zn 

Sn (Hanca) 

Sn 

Al 

Al 

Cu 

Bi 

Sb 

Sb 

Sb 

Sb 


500 
600 
650 
700 

750 

550 
500 

800 

850 

1,250 

500 

710 

750 
800 

1,050 


326 
326 
416 
416 
416 
225 
225 
683 
683 
1,060 
261 
621 
621 
621 
621 


0.065 

0.085 

0.08 

0.08 

0.08 
0.1  to  o .  1 5 
o.  I  to  o.  15 


Expansion 


0.82 
0.83 
1.40 
1.40 
1.40 
0.44 

O.S5 
1.78 

1.78 
1.42 
0.29 
o.  29 
0.63 
o.  29 

0.66 


The  expansion  of  copper  is  to  be  attributed  to  the  setting-free  of  dissolved 
gas. 

19.  Specific  Heat.^ — The  specific  heat  of  a  metal,  or  the  ratio  between  the 
amount  of  heat  necessary  to  increase  its  temperature  1°  C.  and  the  amount  neces- 


790. 


*  Meiallurgie,  1909,  vi,  769,  includes  bibliography;  abstract  in  Iron  Age,  1910,  lxxxv, 

*  Richards,  /.  Frankl.  Inst.^  1893,  cxxxvi,  37,  116,  178. 
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^ry  lu  incrt^ase  the  temperature  of  an  equal  weight  of  water  i^  C,  inc 
^uh  lh(9  temperature,  being  especially  high  near  the  melting-point,  decreaseii 
i4^  Ihi)  (Irnsity  increases,  and  varies  with  the  purity.  Table  ii  shows  thattk 
;»|i^  ilic  hcuts  of  metals  are  low;  they  are  in  fact  lower  than  those  of  other  solids;' 
ii  giv<*H  the  specific  heats  of  some  metals  at  about  15^  C.  and  in  the  neighbor- 
hood of  their  melting-points. 

Table  ii. — Specific  Heats  of  Some  Metals 


Metal 


Specific  heat 


At  about 


Specific  heat 


Ar. 

Al.. 

As. 

Au. 

Bi.. 

Ca. 

Cd. 

Co. 

Cr. 

Cu. 

Fe. 

Hg. 

Ir.. 

K.. 

Li.. 

Mg 


O.OS5 
o.  167 
0.076 
0.030 
0.030 
o.  180 

0.054 

o.  106 
o.  104 

0.086 

o.  116 

0.033 
0.030 

o.  166 

0.941 

o.  246 


At  about 
melting-point 


0.076 
0.308 


Metal 


At  about 
IS"C. 


At  about 
melting-poiiit 


0.030 


0.062 
o.  204 


0.118 
o.  162 
0.032 
0.040 


Mn 

Mo. 

Na. 

Ni., 

Os. 

Pb. 

Pd. 

Pt.. 

Rh. 

Sb., 

Sn.. 

Ti.. 

Va. 

W.. 

Zn. 


0.122 
p.  066 
0.293 
o.  109 
0.031 
0.030 
0.059 
Q.032 
0.058 
0.048 
o.oss 
0.112 
o.iis 
0.034 
0.093 


0.161 
0.034 


0.046 


0.054 
0.059 


O.  123 


20.  Thermal  conductivity,  or  the  power  of  transmitting  heat,  is  character- 
istic for  metals,  all  of  which  are  good  conductors.  The  conductivity  depends 
upon  the  structure,  the  purity  and  the  temperature.  Metals  that  have  been 
rolled  or  hammered  are  better  conductors  than  when  cast;  small  amounts  of 
foreign  matter  reduce  the  conductivity;  with  increase  of  temperature  the  con- 
ductivity decreases.    The  relative  conducting  powers  are  as  follows: 

Ag  100,  Cu  73.6,  Au  53.2,  Al  31.33,  Cd  20.06,  Sn  15.2,  Pb  8.5,  Pt  8.4,  Sb 
4.03,  Bi  1.08,  Hg  1.3. 

The  absolute  heat  conductivity  K  of  some  metals  is  given  in  Table  13.  The 
IjBtter  K  gives  the  value  for  the  unit  capacity  for  conducting  heat,  or  that  in 
which  "a  cube  i  cm.  on  a  side  transmits  i  gr.-cal.  of  heat  per  sec.,  with  a  drop 
of  temperature  from  one  surface  to  the  other  of  1°  C."^  In  fact,  the  ratio  of 
the  absolute  heat  conductivity  K  and  the  electric  conductivity  o  for  any  given 
temperature  is  a  constant.^ 

^  Richards,  J.  W.,  "Metallurgical  Calculations,"  McGraw  Publishing  Co.,  1906,  i,  172. 
sSchenck,  R.,  " Physikalische  Chemie  der  Metalle,''  Knapp, Halle,  1909,  p.  20. 
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Table  12. — Absolute  Heat  Conductivity  of  some  Metals 

Metal 

K 

Metal 

K 

Metal 

K 

A« 

1 .006 

Fe 

1 

0.17 
0.02 
0.38 
0. 14 
0.08 
0.17 

Pt 

0.17 
0.04 
0. 14 

"•0 - .  .  ^ . 

Al 0.  «c 

He 

Sb 

Au 

0.70 
0.02 

0.  21 

Mg 

Sn 

Bi 

Ni 

Zn 

0. 26 

Cd 

Pb 

^ 1 

Cu \             0.  72                 1 

Pd 

~  "  1 

21.  Electric  conductivityi  or  the  power  ol  transmitting  electricity,  is  as 
characteristic  for  metals  as  is  their  thermal  conductivity.  It  depends  upon  the 
length  and  thickness  of  the  conductor,  its  molecular  condition,  purity  and 
temperature.^  The  resistance,  or  inverse  of  conductivity,  increases  with  the 
length  and  decreases  with  the  cross-section  of  the  conductor.  Metals  that 
have  been  rolled,  hammered  or  drawn  do  not  conduct  as  well  as  when  they 
have  been  annealed;  in  fact  the  Brinell  hardness  number  (§9)  of  a  metal 
is  indirectly  proportional  to  the  electric  conductivity;^  a  very  small  amount  of 
impurity  may  reduce  the  conductivity  considerably,  especially  if  it  forms  a 
solid  solution;'  an  increase  in  temperature  reduces  the  conductivity;  fused 
metal  is  not  as  good  a  conductor  as  when  solid.  Table  13  gives  the  electric 
conductivity  of  some  metals,  the  values  given  represent  i  c.c.  of  metal;  Hg 
ato°C.  =1.063X10*  =  10,630. 

Table  13. — Electric  Conductivity  of  some  Metals  at  o**  C. 


Metal 

Conductivity 

1 
Resistance 

1,000  m., 

I  sq.  mm. 

Q 

Metal 

1 

1 

Conductivity 

Resistance 

1,000  m., 

I  sq.  mm. 

Q 

fig 

679,000 
324,000 

28,600 

461,000 

9,260 

9S,ooo 
144,100 
103,000 
620,000 

IS 
28 

350 

21 

1,080 

75 
70 

97 
16.7 

76 

941 

66 

88 

Mg 

230,000 
211,000 
144,200 
105,300 
50,400 

43 
48 

"© 

Al 

0 

Na 

As         

Ni 

70 

Au             

Os 

# 
05 

Bi              

Pb 

195 
107 

108 

Ca 

Pd 

Cd           

Pt 

63,500 
27,100 
76,600 
S4,6oo 

Co             .... 

•  Sb 

380 

Cu           

Sn 

100 

Fc             .... 

131,000 

10,630 

150,500 

119,000 

Ti 

Tl 

H£ 

180 

**B 

K 

Zn 

186,000 

57 

U 

*Northrup-Suydam,  /.  Prankl,  InsL,  1913,  clxxv,  153. 

>  Kttmakoff-Schemtachuschny,  Zt.  anorg.  Chem.,  1909,  lxiv,  149. 

*  Guertler,  Zt.  anorg,  CAem.,  1906,  li,  397. 
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The  influence  of  gases  upon  the  electric  conductivity  has  been  studied  by 
Sicverts.* 

22.  Magnetic  Permeability.^ — Fe,  Ni  and  Co  are  the  so-called  magnetic  or 
fcrro-magnetic  metals.'  According  to  whether  the  permeability  of  a  metal  is 
greater  or  smaller  than  that  of  air,  it  is  classed  as  being  paramagnetic  or  dia- 
magnetic.     Faraday  arranged  the  metals  in  the  following  order: 

Paramagnetic:  Fe,  Ni,  Co,  Mn,  Cr,  Ti,  Pd,  Pt  and  Os. 

Diamagnctic:  Bi,  Sb,  Zn,  Sn,  Cd,  Hg,  Pb,  Ag,  Cu,  As,  Ur,  Ir,  and  W. 

The  majority  of  the  metals  have  a  permeability  less  than  that  of  air;  the 
difT(T(fnce  between  the  paramagnetism  of  iron  (2,000)  and  air  is  very  mud 
grcfatcr  than  that  of  the  diamagnetism  of  Bi  (0.9998)  and  air.  When  a  sted 
magnet  is  brought  to  750°  C,  it  loses  its  magnetism;  at  a  red  heat  a  metal  loses 
it»  power  of  becoming  magnetized.  Tables  of  magnetic  susceptibility  are  given 
in  Landolt-HOrnstein-Roth,  "  Physikalisch-Chemische  Tabellen, "  Springer, 
lierlin,  191 2,  p.  1233. 

23.  Chemical  Properties. — The  chemical  behavior  of  metals  is  shown  in 
th«*lr  tendencies  to  combine  with  the  elements  O,  S,  CI,  etc.,  to  form  oxides, 
feulphides,  chlorides,  etc.,  and  with  acids  to  form  salts.  These  groups  are  taken 
up  iW'verally  in  ('hu[)tcr  IV.  The  chemical  relation  of  the  metals  to  one  another 
Is  jirobably  best  shown  in  a  general  way  by  their  positions  in  the  electrochemical 
lif^rieH  of  elements,  and  in  the  periodical  system. 

Tahlk  14. — Elkctrochemical  Series  of  Elements* 

Cs  I  ,  Kb.  K,  Nil.  Li,  Ha,  Sr,  Ca,  Mg.  Al,  Cr,  Mn,  Zn,  Ga,  Fe,  Co,  Ni,  Tl, 
fn.  PI),  ('(!.  Sn.  ni,  Cu,  II,  Hg,  Ag.  Sb,  Te,  Pd,  Au,  Ir,  Rh,  Pt,  Os,  Si,  C, 
H,  N,  As,  Sf,  P,  S,  I,  Hr,  CI,  O,  F— . 

In  this  stries  each  element  is  electropositive  to  all  those  that  follow  it. 
Two  metals  in  contact  in  the  presence  of  an  electrolyte  form  a  galvanic  couple 
causing  the  electropositive  metal  to  be  attacked  by  electrolysis. 

Taking  H  as  the  central  element,  the  elements  in  the  direction  of  Cs  are 
electropositive  and  include  most  metals;  those  in  the  direction  of  F  are  electro- 
negative and  include  most  of  the  non-metals.  Metals  usually  form  basic 
oxides  and  hydroxides;  as  a  rule  they  do  not  enter  into  the  composition  of  the 
acids;  they  rarely  form  hydrides;  in  general  their  haloids  are  not  decomposed  by 
heat  or  water;  allotropic  forms  are  the  exception.  The  reverse  is  true  with  the 
non-metals.    There  are,  of  course,  several  exceptions  to  this  general  summary. 

The  periodic  law  states  that  the  properties  of  an  element  are  periodic 
functions  of  the  atomic  weights.  The  elements  of  a  group  show  similar  prop- 
erties, and  these  become  the  more  pronounced  the  greater  the  atomic  weight. 

^  Int.  Zt.  Metallogr.,  1912,  in,  37. 

*  Kolaro- Honda,  Ann.  Phys.,   1910,  xxxii,   1027,   1003;  Rev.  Mit.  Exit.,  1910,  vn,  659, 
661. 

'  Weiss,  Proc.  Int.  Assoc.  Test.  Mat.,  New  York,  1912,  11". 

*  Gore,  L.,  **The  Art  of  Electrolytic  Separation  of  Metals,"  Van  Nostrand,  New  York, 
X892,  p.  50. 
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Table  15. — The  Periodic  System 


Group 

I 

II 
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C 
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0 
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27 

28 
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Sc 
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V 
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40 
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As 
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Zr 

Nb 

Mo 

• 
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85.4        87. S 
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7 
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In 

Sn 

Sb 

Tc 

I 
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8 

1 
Cs         .     Ba        .La 
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• 

• 
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138. s 

• 
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9 

• 
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• 

10 

• 

« 

173-2 

• 
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• 

Os           Ir           Pt          Au 
190.9     I93'i      195-2     197.2 

II 

.     (Au)     .        Hg 

• 

Tl 

Pb 

Bi 
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• 
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200             204j        207.1 

1                              1 
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12 

« 
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u 

• 

'                      '                     1232.4 

238. 5 
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1 

Composition  of 

R«0 

R«0» 

R«0"         R»0<         R»0» 

1                 1 

R»0«          R»0' 

highest  saline  oxides. 

RO» 

R0« 

R0« 

Groups  I  and  II  contain  the  electropositive  elements  whose  oxides  form  strong 
bases;  groups  VI  and  VII  the  electronegative  elements  whose  oxides  form  strong 
acnds;  groups  III,  IV  and  V  occupy  an  intermediary  position,  and  the  elements 
of  group  IV  form  neither  strong  bases  or  acids.  In  a  series,  the  characteristic 
properties  of  the  elements  decrease  from  the  end-groups  toward  the  central. 
24.  CorrosioiL^ — ^The  corrosion  and  pitting  of  metals  by  solutions  of  acids 
and  salts  is  a  phenomenon  to  which  most  metals  are  liable.  They  may  be 
effected  in  three  ways:  By  chemical  action,  in  which  a  metal  comes  in  contact 

*  Cushman  A-  S.,-Gardncr,  H.  A.,  "The  Corrosion  and  Preservation  of  Iron  and  Steel," 
McGraw-Hill  Book  Co.,  New  York,  1910. 

Sang,  A.,  "The  Corrosion  of  Iron  and  Steel,"  McGraw-Hill  Book  Co.,  New  York,  1910. 
Friend,  J.  N.,  "The  Corrosion  of  Iron  and  Steel,"  Longmans,  Green  &  Co.,  London  and 
New  York,  191 1. 
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of  the  essential  metals,  the  alloy  is  called  an  amalgam.  A  molten  alloy  is  a  homo- 
geneous mixture,  that  is,  a  solution  of  two  or  more  metals.  When  this  solutioa 
begins  to  freeze,  it  may  split  into  its  constituents,  each  of  which  has  a  distinct 
entity.  The  constituents  can  be  pure  metals,  eu  tectic  mixtures,  solid  solutions  and 
definite  chemical  compounds.  An  alloy  may  contain  at  the  same  time  several 
of  these  constituents.  Molecular  rearrangements  take  place,  however,  not  only 
during,  but  also  after,  solidification  while  the  mass  cools  to  ordinary  temperature. 

According  to  the  number  of  constituents  that  go  to  make  up  alloys,  these  arc 
spoken  of  as  binary,  ternary  and  quaternary. 

26.  Constitution  of  Binary  Alloys.^ — In  order  to  study  the  constitution  or 
structural  composition  of  binary  alloys,  it  is  necessary  to  classify  them.  The 
first  systematic  classification  is  probably  that  of  Roozeboom,^  which  in  its  gen- 
eral features  forms  the  basis  of  the  following  classification : 

Classification  of  Binary  Alloys. — A .  The  components  do  not  form  any 
chemical  compounds  with  one  another. 

1.  The  liquid  metals  are  mutually  completely  soluble  and  form  a  homo- 
geneous solution. 

(a)  The  solid  components  are  mutually  insoluble  and  form  alloys 
which  for  all  compositions  form  two  constituents  when  solidifying. 

(J)  The  solid  components  are  mutually  partly  soluble  and  form  al- 
loys which  between  certain  limiting  compositions  show  two  constit- 
uents when  solid. 

(c)  The  solid  components  are  mutually  completely  soluble  and  for 
all  compositions  form  alloys  which  when  solid  show  only  one 
constituent. 

2.  The  liquid  metals  are  mutually  only  partly  soluble  and  between  cer- 
tain compositions  form  conjugate  liquid  solutions. 

(a)  The  same  as  (a)  above. 
(J)  The  same  as  (J)  above, 
(c)  Does  not  exist. 

3.  The  liquid  metals  and  solid  metals  are  mutually  insoluble. 

B,  The  components  form  one  or  more  chemical  compounds  with  one  another. 

I.  When  liquid,  the  compound  ^nd  component  metals  are  mutually  soluble 
in  all  proportions, 
(a)  When  solid,  the  compound  and  component  metals  are  mutually 

insoluble. 
(()  When  solid,  the  compound  and  component  metals  are  mutually 

partly  soluble, 
(c)  When  solids  the  compound  and  component  metals  are  mutually 

oonQdetdv  aduble. 

«dn  points  the  "Notes  on  Metallography"  prepared  by 
B  to  mining  and  metalluigical  students  of  the 
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25.  General.' — An  alloy  is  a  solidified  solution  of  two  or  more  metallic 
substances.  Certain  non-metallic  elements,  such  as  C,  Si,  P,  and  metallic 
oxides,  such  as  CujO,  take  the  places  of  metallic  substances,  as  combining  with 
metab  they  do  not  deprive  them  of  their  metallic  character.    If  Hg  forms  one 

*  General. — Gages, L.,  "Les  Alliages  M^talliques/'  Gauthicr-Villars,  Paris,  1903.  Tassily, 
E.,  "Etude  des  Propri6Us  Physiques  des  Alliages  M^talliques,"  Joanin  &  Co.,  Paris,  1904. 
Guiilet,  L.,'  "Etude  th6oretique  des  Alliages  Mdtalliques,''  Dunod,  Paris,  1904.  Guillet,  L., 
**Lcs  Alliages  M^talliques,"  Dunod,  Paris,  1906.  Howe,  H.  M.,  ''Iron,  Steel  and  Other 
Alloys,"  Cambridge,  Mass.,  1906.  Hioms,  A.  H.,  ''Metallography,"  Macmillan,  London, 
1902.  Gulliver,  G.  H.,  "Metallic  Alloys,  Their  Structure  and  Constitution,"  Grifiin.&  Co., 
London,  1913.  Goerens,  P.  and  Ibbotson,  F.,  "Introduction  to  Metallography,"  Longmans, 
Green  &  Co.,  London,  1908.  Bomemann,  K.,  "Die  binaren  Legirungen,"  Knapp,  Halle,  i, 
1909;  n,  191 2,  in  process  of  publication.  Cavalier,  J.,  "Lemons  sur  les  Alliages  M^talliques," 
Vuibcrt  and  Nony,  Paris,  1909.  Guertler,  W.,  "Metallographie,"  Bomtraeger,  Berlin,  i, 
191 1,  in  process  of  publication.  Law,  £.  F.,  "Alloys  and  Their  Industrial  Applications," 
Griflin  &  Co.,  London,  1909.  Ruer,  R.,  and  Mathewson,  C.  H.,  "The  Elements  of  Metal- 
lography/' Wiley,  New  York,  1909.  Sexton,  A.  H.,  "  Alloys,  Non-ferrous,"  Scientific  Pub.  Co., 
Manchester,  1909.  Desch,  C.  H.,  "Metallography,"  Longmans,  Green  &  Co.,  London,  1910. 
Dessau,  B.,  "Die  physikalisch-chemischen  Eigenschaften  der  Legirungen,  Vieweg,  Bruns- 
wick, 1910.  Robin,  F.,  "Traits  de  Metallographie,"  Honnann  &  Fils,  Paris,  191 2.  Contribu- 
tions i  TEtude  des  Alliages,"  Chamerot-Renouard,  Paris,  1901.  "Reports  Alloys  Research 
Committee,"  English  Institution  of  Mechanical  Engineers,  since  1901.  Campbell,  W., 
Structure  of  Metals  and  Binary  Alloys,  /.  Frankl,  InsL^  1902,  cliv,  i,  131,  201;  Metal- 
lographisi,  1902,  v,  286.  Campbell,  W.,  Structure  of  Alloys,  Proc.  Am.  Inst,  Test.  Mat.,  1904, 
IV,  381.  Mathews,  J.  A.,  Alloys  as  Solutions,  Min.  Ind.,  1901,  x,  723.  Mathews,  J.  A., 
Upon  the  Constitution  of  Binary  Alloys,  /.  Frankl.  Inst.,  1902,  cmi,  i.  Stead,  J.  E.,  Metal- 
lic .\lloys,  Cleveland  Inst.  Eng.,  1900;  Metallographist,  1902,  v,  no.  Roozeboom,  H.  W.  B., 
Erstamingspunkte  der  Mischcrystalle  zweier  Stoffe,  Zt.  phys.  Chem.,  1899,  xxx,  385,  412. 

Special. — ^Ledebur,  A.,  "Die  Metallverarbeitung  auf  chemisch-physikalischem  Wegc," 
\'ieweg,  Brunswick,  1882.  Guettier,  A.,  "Le  Fondeur  en  Mdtaux,"  Bernard  &  Co.,  Paris, 
1890.  WQst,  F.,  "Handbuch  der  Mctallgiesscrci,"  Voigt,  Weimar,  1897.  Thurston,  R.  H., 
"Brasses,  Bronzes  and  Other  Alloys,"  Wiley,  N^w  York,  1900.  Hiorns,  A.  H.,  "Mixed 
Metals  or  Metallic  Alloys,"  Macmillan,  London,  1902.  Sack,  M.,  "  Bibliographie  der  Metal- 
iegirungen,"  Voss, Hamburg  and  Leipsic,  1903.  Buchetti,  J.,  "Les  Alliages M^talliques,"  B^r- 
anger,  Paris,  1905.  Ledebur,  A.,  "Die  Legirungen,"  Krayn,  Berlin,  1906.  Brannt,  W.  T., 
"The  Metallic  Alloys,"  Baird,  Philadelphia,  1908.  Wust,  F.,  "Legir  und  Lotkunst,"  Voigt, 
Leipsic,  1908.  Krupp,  A.,  "Legirungen,"  Hartlcbcn,  Vienna,  1909.  Guillet,  L.,  "Traitments 
Thermiques  des  Products*  M6tallurgiques,"  Dunod-Pinat,  Paris  1909.  Kaiser,  E.  W., 
"Zusammensetzung  der  Gebr&uchlichen  Metallegirungen,"  Knapp- Halle,  1911-12,  reprint 
from  Metallurgies  1911,  vin,  257,  296.  Fenchel,  A.,  and  Morris,  H.  J.,  "Metallurgy,"  J.  Bale, 
Sons  &  Daniebon,  Ltd.,  London,  191 1.    Schott,  E.  A.,  "Die  Mctallgiesscrci,"  Voigt,  Leipsic, 

1913. 

Periodical. — Internationale  Zeitschrift  flir  Metallographie,  Editor,  W.  Guertler,  Born- 

tneger,  Berlin,  VoL  i,  1911. 
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of  the  essential  metals,  the  alloy  is  called  an  amalgam.  A  molten  alloy  is  a  homo- 
geneous mixture,  that  is,  a  solution  of  two  or  more  metals.  When  this  solution 
begins  to  freeze,  it  may  split  into  its  constituents,  each  of  which  has  a  distinct 
entity.  The  constituents  can  be  pure  metals,  eutectic  mixtures,  solid  solutions  and 
definite  chemical  compounds.  An  alloy  may  contain  at  the  same  time  several 
of  these  constituents.  Molecular  rearrangements  take  place,  however,  not  only 
during,  but  also  after,  solidification  while  the  mass  cools  to  ordinary  temperature. 

According  to  the  number  of  constituents  that  go  to  make  up  alloys,  these  are 
spoken  of  as  binary,  ternary  and  quaternary. 

26.  Constitution  of  Binary  Alloys.' — In  order  to  study  the  constitution  or 
structural  composition  of  binary  alloys,  it  is  necessary  to  classify  them.  The 
first  systematic  classification  is  probably  that  of  Roozeboom,^  which  in  its  gen- 
eral features  forms  the  basis  of  the  following  classification: 

Classification  of  Binary  Alloys. — A.  The  components  do  not  form  any 
chemical  compounds  with  one  another. 

1.  The  liquid  metals  are  mutually  completely  soluble  and  form  a  homo- 
geneous solution. 

(a)  The  solid  components  are  mutually  insoluble  and  form  alloys 
which  for  all  compositions  form  two  constituents  when  solidifying. 

(J)  The  solid  components  are  mutually  partly  soluble  and  form  al- 
loys which  between  certain  limiting  compositions  show  two  constit- 
uents when  solid. 

(c)  The  solid  components  are  mutually  completely  soluble  and  for 
all  compositions  form  alloys  which  when  solid  show  only  one 
constituent. 

2.  The  liquid  metals  are  mutually  only  partly  soluble  and  between  cer- 
tain compositions  form  conjugate  liquid  solutions. 

(a)  The  same  as  (a)  above. 
(J)  The  same  as  (J)  above, 
(c)  Does  not  exist. 

3.  The  liquid  metals  and  solid  metals  are  mutually  insoluble. 

B,  The  components  form  one  or  more  chemical  compounds  with  one  another. 

I.  When  liquid,  the  compound  ^nd  component  metals  are  mutually  soluble 
in  all  proportions, 
(a)  When  solid,  the  compound  and  component  metals  are  mutually 

insoluble. 
(J)  When  solid,  the  compound  and  component  metals  are  mutually 

partly  soluble, 
(c)  When  solid,  the  compound  and  component  metals  are  mutually 

completely  soluble. 

^This  discussion  follows  in  the  main  points  the  "Notes  on  Metallography"  prepared  by 
Professor  C.  R.  Hayward  for  the  course  given  to  mining  and  metallurgical  students  of  the 
Massachusetts  Institute  of  Technology. 

*  Z/.  phys,  Ckem.,  1899,  xxx,  385,  413. 
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2.  When  liquid,  the  metals  and  compound  are  mutually  partly  soluble, 
and  between  certain  limiting  compositions  form  conjugate  solutions. 

(a)  Same  as  (a)  above. 
(6)  Same  as  (b)  above, 
(c)  Does  not  exist. 

3.  When  just  liquid,  the  metals  and  compound  are  mutually  completely 
insoluble. 

(a)  Same  as  (a)  above. 
(6)  and  (c)  do  not  exist. 

The  main  division,  A  and  By  is  characterized  by  the  absence  or  presence  of 

chemical  compounds^  of  the  component  metals.     While  under  the  microscope 

only  one  constituent  is  visible  with  such  a  chemical  compound,  the  physical 

properties  differ  from  the  component  metals,  and  while  the  components  are 

combined  in  atomic  proportions,  the  chemical  formulae  of  these  intermeiallic 

ctmpounds  do  not  fall  into  line  with  the  prevailing  conception  of  valencies  of 

in  IV       III     IV     III      II 

atoms  composing  the  molecules.  Au  Sn4,2  Au2  Al,'  Aus  Zn6,*  are  examples 
such  compounds.  It  appears  that  the  more  similar  the  chemical  behavior 
of  the  two  components,  the  less  regular  is  the  formula  of  the  compound.* 
A  full  explanation  of  the  peculiarities  of  these  compounds  is  lacking;  in  all 
other  respects  the  physical  and  chemical  behavior  of  intermetallic  compounds 
is  similar  to  that  of  the  ordinary  compounds. 

The  subdivisions  i,  2,  and  3  are  based  upon  the  mutual  solubility  of  com- 
ponents when  molten.  Remembering  that  alloys  have  been  defined  as  solidified 
solutions,  their  behavior  as  regards  solubility  must  be  the  same  as  that  of  liquid 
solutions.  Two  liquids,  like  alcohol  (C2H6O)  and  water,  are  reciprocally 
soluble  in  all  proportions  and  form  a  homogeneous  solution.  When  an  alloy  of 
two  metals,  such  as  Ag  and  Au,  solidifies,  the  constituents  remain  as  intimately 
associated  as  when  they  were  in  the  liquid  state;  they  cannot  be  distinguished 
from  one  another  by  the  microscope  or  any  other  physical  means.  They  form 
a  Solid  Solution,  sometimes  still  called  isomorphous  mixture  or  mixed  crystal. 

Phenol,*  CeHeO,  and  water  are  soluble  only  within  certain  limits  depending 
upon  temperature.  If  the  two  bodies  are  brought  together  in  a  vessel,  there  will 
be  formed  two  saturated  solutions  existing  together  {conjugate  solutions),  at  the 
bottom  the  heavier  phenol  saturated  with  water,  on  the  top  the  lighter  water 
saturated  with  phenol.  If  the  temperature  is  changed,  the  existing  equilibrium 
^ill  be  disturbed,  i.e.,  the  saturation-points  will  be  shifted,  and  the  heights  of 

"Determination  by  chemical  methods:  Portevin,  Rev.  MIL,  191 2,  ix,  884. 

*  Vogt,  ZL  anorg.  Ckem,,  1905,  xlvi,  60. 

*  Hey  cock-Neville,  Phil,  Trans.,  1900,  cxciv,  A,  201. 

*  Vogel,  Zt.  anorg.  Chem,,  1906,  XLVin,  319. 
*Tammann,  ZL  anorg.  Chem.,  1906,  xldc,  113;  1907,  lv,  289. 

Kumakoff,  op.  cU.,  1900,  xxiii,  439. 

*  Rothmund,  Zt.  phys.  Ckem.,  1898,  xxvi,  433. 
Heyn,  Berg.  HUUenm.  Z.,  1900,  xux,  559. 
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the  two  layers  changed.     Similar  phenomena^  are  observed  with  metals 
limited  solubility,  such  as  Pb — ^Zn,  Bi — ^Zn,  Pb — Al,  Bi — Al,  Cd — Al. 

Class  3  finds  its  counterpart  in  oil  and  water  which  are  insoluble  in 
another. 

The  second  sub-headings  a,  b,  and  c,  are  derived  from  the  behavior  of  tkl 
components  when  in  the  solid  state  as  resembling  or  differing  from  that  in  the' 
liquid. 

This  general  classification  holds  good  also  for  fused  metallic  sulphides, 
arsenides,  antimonides,  silicates  and  other  salts. 

27*  Binary  AlloySi  with  Components  not  Forming  Chemical  CoixqK>unds,and 
Completely  Soluble  in  the  Liquid,  Insoluble  in  the  Solid  State. — The  cooling  or 
temperature-time  curve  of  a  pure  metal  has  been  given  in  Fig.  12,  A — By  it  is 
reproduced  in  Fig.  13,  /. 

If  two  metals  A  and  B  are  melted  together,  either  may  be  considered  as  a 
solvent  of  the  other.     If  A  is  the  solvent,  its  freezing-point  will  be  lowered  by 
the  addition  of  B.    If  a  molten  alloy  with  A  as  solvent  and  B  as  solute  is  cooled 
to  freezing,  A  crystallizes  out  as  pure  metal  as  long  as  A  and  B  are  mutually 
insoluble  in  the  solid  state;  A  will  retain  some  B  in  solid  solution,  if  the  solid 
metals  are  partly  soluble  in  one  another.     According  to  the  law  of  Raoul,  the 
depression  of  the  freezing-point  is  proportional  to  the  number  of  molecules  of 
metal  B  added  to  A  (molecular  depression).     The  freezing  of  such  an  alloy  is 
shown  in  Fig.  13,  //.    The  first  break  in  the  curve  has  been  lowered  from  i\  to 
tt.    The  horizontal  branch  of  pure  metal,  A — -B,  Fig.  12,  or  /i,  Fig  13,  /,  has  as- 
sumed the  sloping  form  h,  Fig.  13 ,  //,  and  the  sharp  point  J,  Fig.  12,  AB,  has  been 
rounded  off  at  h,  Fig.  13,  //.     This  is  due  to  the  fact  that  at  the  moment  the  first 
crystal  of  the  solvent  A  separates,  the  remaining  fluid  metal  (the  mother  metal) 
becomes  enriched  in  the  solute  B,  and  has  its  freezing-point  correspondingly 
lowered.     As  the  cooling  proceeds,  the  primary  (excess)  metal  A  continues  to 
separate  until  the  mother  metal  has  become  saturated  with  metal  B.     Solvent 
and  solute  now  solidify  side  by  side  and  cause  a  second  halt  at  if,.     As  there  can 
be  no  further  change  in  composition,  the  temperature  of  solidification  must 
remain  the  same  until  the  whole  has  solidified.     While  freezing,  the  molten 
metal  splits  up  into  a  conglomerate  of  crystals  of  A  and  B  forming  interstratified 
plates.     Now,  only,  will  the  temperature  fall  again  through  the  cooling  of  the 
solidified  alloy  which  consists  of  excess  metal  A  and  eutectic  A-B.     Fig.  13, 
///  and  IV,  shows  how  the  freezing-point  of  A  is  lowered  by  increasing  amounts 
of  By  and  the  length  of  the  horizontal  /s  extended. 

In  general,  the  nearer  the  composition  of  the  alloy  approaches  that  of 
saturation,  the  lower  will  be  the  freezing-point,  the  shorter  and  flatter  the 
branch  /1.2.3.4-/6,  and  the  longer  the  horizontal  branch  /s.  Coming  to  the  alloy, 
Fig.  13,  V,  there  is  no  excess  metal;  the  first  freezing  will  take  place  at  the  tem- 
perature of  hy  when  the  alloy  will  solidify  as  a  whole  and  split  into  parallel 

*  Aldcr-Wright-Thompson,/'r(7c. /?(?>'.  5oc.,  1888-89,  XLV,  461;  1890,  XLViii,  25;  1890-91, 
XLK,  157,  174;  1892,  L,  372;  1892-93,  Lir,  II,  530. 

Spring- Romanoff,  Zt.  anorg,  Chem.^  1896,  xiii,  29. 


ALLOYS 


37 


■  l^ates.    This  saturated  alloy  is  called  the  evtectic  alloy  or  simply  the  eulectie, 
*nd  the  proportion  of  the  two  constituents  the  euiectic  ratio. 

In  the  same  Fig.  13,  curve  VII  represents  the  cooling  curve  of  pure  metal 
S,  and  curve  VI  an  addition  of  A  to  B.  The  freezing-phenomena  of  curves  VII 
to  V  are  just  the  reverse  of  those  discussed  in  the  curves  /  to  F. 

If  the  results  obtained  from  the  cooling  curves  of  Fig.  13  are  plotted  into  a 
rectangular  system  of  coordinates  in  which  the  abscissa  represents  composition 


•Tlnia*' «— -TlBM— •  -■ — TIma — •  •^Tlnw— •  t — Tlma-*  « — Tlma-r  t-ltam* 
Fig.  13. — Cooling  curves  for  a  series  of  alloys. 

and  the  ordinate  temperature,  there  is  obtained  the  V-shaped  freezing-point 
tune,  A  E  B,  Fig.  14,  which  shows  the  freezing-points  of  all  possible  mixtures 
of  two  metals  ^I  and  B,  which  form  no  chemical  compounds,  are  soluble  when 
liquid  and  insoluble  when  solid.  The  diagram  as  a  whole  is  called  the  consti- 
tutional diagram;  if  it  contains  lines,  as  in  Fig.  31,  showing  transformation  tak- 
ing place  in  the  solid  state,  we  have  the  equilibrium  diagram;  the  second  term 
including  all  the  facts  is  often  used  for  the  first.    The  diagram.  Fig.  14,  consists 


of  two  branches  A  E  and  E  B  cutting  each  other  at  the  euiectic  point,  E,  on  the 
euteclic  line,  H  K,  and  forming  the  eutcclic  angle  E.  Branch  A  E  represents  the 
separation  of  excess  metal  A ,  branch  £  B  that  of  S,  point  E  the  simultaneous 
separation  of  A  and  B  or  that  of  the  eutcctic.  Above  the  freezing-point  curve 
A  E  B,  or  liquidus,  there  is  a  homogeneous  liquid  alloy;  below  the  meltitig- 
Point  curve,  B  E  K,  m  solidus,  there  is  solid  alloy;  in  triangle  A  E  H,  solid 
metal  A  and  liquid  alloy;  in  triangle  B  E  K,  solid  metal  B  and  liquid  alloy;  in 
rectangle  H  EP  O,  solid  metal  A  and  solid  euteclic ;  in  rectangle  K  E  P  Q,  solid 
metal  B  and  solid  eutectic;  on  line  E  P,  solid  euteclic. 
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The  characteristics  of  the  eutectic  are,  that  it  has  the  lowest  melting-] 
of  the  series  of  alloys  of  the  metals  composing  it;  that  its  composition, 
hence  its  freezing-point,  are  constant,^  and  that  it  is  not  a  chemical  compounii 
but  a  distinct  mixture  of  its  two  components.  Assuming  A  as  solvent  andB 
as  solute,  all  alloys  to  the  left  of  the  eutectic  point  are  said  to  be  hypoeuUdk, 
as  they  contain  less  of  B  than  the  eutectic  ratio;  all  alloys  to  the  right  of  the 
eutectic  point  are  hyper  eutectic ,  as  they  contain  more  B  than  the  eutectic  ratio. 

An  alloy  of  the  composition  R,  when  molten,  can  be  represented  by  the  point 
M.  Upon  cooling,  it  will  remain  unchanged  until  the  point  Af'  is  reached, 
when  metal  A  will  begin  to  crystallize.  The  corresponding  enrichment  of  the 
liquid  alloy  in  B,  accompanied  by  lowering  of  freezing-point,  is  traced  on  line 
Af '  E;  metal  A  continues  to  fall  out,  the  liquid  becomes  richer  in  B  until  it  has 
reached  the  eutectic  ratio  at  £,  when  it  solidifies  and  at  the  same  time  splits 
into  parallel  plates.  If  the  alloy  M  cools  to  the  temperature  indicated  by  point 
C  and  is  suddenly  chilled,  it  will  consist  theoretically  of  crystals  A  and  another 
metal  of  the  composition  5,  the  latter  being  found  by  drawing  from  C  a  paral- 
lel to  the  abscissa  to  the  intersection  with  ^4  £  at  Z>,  and  dropping  from  this  a 
perpendicular  on  to  the  abscissa.     Changes  taking  place  in  the  alloy  T,  repre- 


100  i  A  Composition  UXH^B 

Fig.  15. — Time-composition  curve  with  relative  amounts  of  eutectic  and  excess  metal  in 

solid  alloy. 

sented  when  molten  by  point  N,  are  the  same  as  those  noted  with  molten  alloy 
M,  excepting  that  the  excess  metal  is  B  instead  of  A . 

Comparatively  few  metals  belong  to  this  class  of  alloys;  some  of  these  are 
Zn-Cd,2  Pb-Sn,3  Pb-Ag,*  Pb-Sb,^  Au-Tl.« 

Fig.  15  gives  a  diagrammatic  representation  of  Tammann's^  time-composv' 
Hon  curve  and  with  it  of  the  proportion  of  excess  metal  and  eutectic  in  a  solid 
alloy.  The  time  /s.  Fig.  13,  taken  by  the  eutectic  to  solidify  is  considered  to  be 
proportional  to  the  amount  of  eutectic  present.  If  the  eutectic  times  are  plotted 
as  ordinates  against  compositions  as  abscissae,  there  will  be  obtained  the  cross- 
hatched  triangle  of  Fig.  15,  showing  how  the  times  of  eutectic  solidification, 
greatest  at  £,  Fig.  14,  diminish  toward  H  and  K,  If  a  rectangle  is  drawn  on 
the  composition  abscissa  with  the  maximum  time  of  eutectic  solidification  as 

*  Benedicks- Apri,  MetaUurgie,  1907,  iv,  416. 

'  Hindricks,  Zl.  anorg,  Chem.,  1907,  LV,  415. 

*  Rosenhain-Tucker,  Phil.  Trans. y  A,  1908,  ecrx,  89. 

*  Friedrich,  Metallurgies  1906,  iii,  396. 

'  Gonterman,  Zt.  anorg.  Chem..,  1907,  lv,  419. 
•Levin,  op.  cit.,  1905,  XLV,  31. 

^  Tammann,  Zt.  anorg.  Chem.,  1903,  xxxvii,  303;  1905,  xlv,  24;  XLVii,  289. 
Portevin,  Rev,  Mit.^  1910,  vii,  1149. 
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height,  there  are  obtained  three  areas  representing  the  three  constituents  of  the  1 
alloy-series  A  B.  Any  vertical  drawn  such  s.^  V  W  will  be  divided  into  two 
parts  which  are  proportional  to  the  amounts  of  eutectic  and  excess  metal  present. 
Thus  in  the  alloy  R,  Fig.  14,  eutectic  and  excess  metal  are  present  in  the  ratio 
V  V  :  V  W.  If  the  height  of  the  rectangle  is  divided  into  100  parts,  the  ratio 
will  be  given  in  percentage. 

Instead  of  expressing  the  composition  of  an  alloy  in  per  cent,  by  weight,  J 
physical  chemists,  especially  the  German,  are  using  atomic  percentages,  Fig. 
30,  as  thes«  bring  out  the  relationship  that  exists  between  freezing-point  depre^ 
sion  and  atomic  weight.     In  such  a  diagram,  the  100  divisions  of  the  abscissa 
represent  the  sum  of  the  atomic  weights  of  the  two  metals  of  the  alloy  reduced 
to  100.     The  following  formulse  of  Hoffmann'  give  the  manner  of  converting  1 
per  cent,  by  weight  into  atomic  per  cent.,  and  wVe  versa,  for  binary  and  ternary  I 
alloys. 

CoN\-E8sioN  OP  Atomic  Per  Cent,  into  Weight  Per  Cent,  and  Vice  I 
Versa. — Component  1.2.3;  atomic  weight  AuAi.At;  atomic  per  cent.  qi-qt.q\\  J 
weight  per  cent.  Pi.Pi.p,. 


FlO.  i6.~Eulectoid  FtvFcjC,  PcarlUc.     (Osmond.) 
^>  Atomic  per  cent,  to  weight  per  cent,  in  binary  alloys: 

^'  =  ^A , +,7x1,  ^•'"^ " +^'=  ■« 

{b)  Weight  per  cent,  to  atomic  per  cent,  in  binary  alloys: 
iooPiX.4a 
"  p\XAt-\-piXAy 
((>  Atomic  per  rent,  to  weight  per  cent,  in  ternary  alloys: 
too?.  X /I  I  .  ,       , 

''-„9^^H'^U+^M  "''™  «■+«■+«■-'<» 

' Urtallurtir,  U)ti.a.  133. 


"-« 


-  where  ^i+jBt=  100 


Ag-rb,     (Slead.> 


There  remains  the  discussion  of  the  structure  of  the  eutectic  alloy.  Id 
general,  an  eutectic  is  laminated.  Stead'  distinguishes  three  forms,  the  curvi- 
plana],  the  honey-combed  or  cellular,  and  the  rectiplanal.  The  curviplanal 
eutectic  has  curved  plates  in  juxtaposition.    The  eutectoid  Fe-Fe»C,  Fig.  16 

^  Proc.  Cleveland  Inst.  Eng-,  February,  1900;  hfelallographist,  1903,  v,  114. 


(Osmond),  shows  the  parallel  arrangement  of  dark-curved  bands  of  ferritc  (Fe)  J 
and  white  ones  of  cementite  (FeaC).  The  honey-combed  or  cellular  structure:* 
is  represented  by  the  eutectic  of  saturated  solution  of  FeaP  in  P-FcjP  in  Fig,  T 
17  (Stead).  Here  dark  crystallites  of  Fc  alternate  with  the  white  of  FcjP. 
The  rectiplanal  eutectic  of  Pb-Ag,  Fig.  18  (Stead),  shows  alternating  planej 
plates  of  the  two  constituents  arranged  in  triangular  groups. 

In  Figs,  ig  to  21  (Hayward)  are  Riven  throe  photomicrographs  of  the  Cu-*! 
Ag  series  of  alloys.     These  form  the  eutectic  alloy  containing  iS  per  cent.  Cttl 


n  Cu-Au  «illi  excess  Cu.     (Hayward.) 


I  and  7a  per  cent.  Ag.     More  recent  investigations  of  Lepkowski'  have  shown  that  I 

\  both  Cu  and  Ag  form,  to  a  small  extent,  solid  solutions  with  Ag  and  Cu.     Fig.  19  | 

I  brings  out  dearly  the  laminated  curviplanal  structure.     Fig.  20  represents  the  J 

laDoy  Cu  ao  per  cent.-Ag,  80  per  cent.,  with  its  targe  white  islands  of  the  ' 

excess-metal  Ag  floating  in  a  sea  of  eutectic;  while  in  Fig.  31,  standing  for  the 

alloy  Cu  70  per  crnt.-Ag  30  per  cent.,  the  dark  patches  of  excess-metal  Cu  are 

ffunouDded  by  eutectic. 


rooS,  LUt.  .-85. 
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28.  Binaiy  Alloys,  with  Components  not  Forming  Chemical  C 
Completely  Soluble  in  the  Liquid,  Pardy  Soluble  in  tiie  Solid  State- 
there  exist  only  a  few  of  the  alloys  belonging  to  the  preceding  class,  the  all 
of  this  division  are  numerous  as  e.g.,  Ag-Bi,^  Ag-Cu,*  Au-Bi,*  Bi-Pb,"*  Cd-rtJ 
and  Cd-Sn,*  etc. 

The  equilibrium  diagram  for  a  series  of  such  alloys  is  given  in  Fig.  21.  Tltfl 
general  form  of  the  freezing-point  curve  A  E  B  is  the  same  as  that  given inFi^] 
14;  the  eutectic  line,  however,  does  not  extend  to  the  limits  of  the  diagram, b*  I 
only  to  the  points  M  ami  N  which  mark  thelimitsof  solubility  of  £  in  <4,andi  I 
A  in  B  when  just  solidified.    The  decrease  of  solubility  of  the  two  series  d  I 


Fic.  J 2. —Equilibrium  diagram,  no  chemical  compound,  liquid  metals  muluaUy  complrtdy     I 
soluble,  solid  mctab  partly  soluble.  I 

solid  solutions  with  falling  temperature  is  traced  by  the  diverging  soliMity 
curves  M  R  and  A' S,  and  the  increase  with  rising  temperature  by  the  convergicig 
lines  Af.-!  and  iVS.  The  constituentsof  each  of  theseven  fields  are  inscribed  id 
the  diagram.  Its  full  meaning  is  made  clear  by  following  the  changes  that  take 
place  in  five  alloys  during  solidification.  The  alloy  represented  in  compositioo 
and  temperature  by  a,  upon  cooling,  will  begin  to  freeze  when  it  reaches  the 
point  a'  on  the  liquidus  A  E,  but,  instead  of  depositing  pure  ^4,  as  in  Fig.  14, a 
crystal  of  solid  solution  of  B  in  ^  will  separate,  represented  in  composition  by 
a",  found  by  drawing  a  horizontal  from  a'  to  the  solidus  A  M.  By  the  separa- 
tion of  this  solid  solution  the  freezing-point  of  the  molten  mother-metal  is 
lowered,  as  it  has  become  richer  in  B;  this  process  continues  as  discussed  Id 

'  Petrenko,  Zt.  anorg.  Chem.,  1906,  L,  133, 

'  Friedrich-Lcroux,  Alclallurgic,  1907,  tv,  293. 
Lepkowski,  Zl.  anorg.  Chem.,  1908,  lcx,  185. 

'  Vogel,  op.  cit.,  1906,  I,  145, 

*  Portcvin,  Rev.  Mil.,  1907,  iv,  389. 
Stoffcl,  Zl.  anorg.  Chem.,  1907,  Llll,  137, 

'  Kapp,  Ann.  Pkys.,  1901,  vi,  754. 
Stoffel,  Zl.  anorg.  Chem.,  1907,  uii,  137. 
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lection  with  Fig.  14.  The  compositions  of  the  crystals  of  solid  solution 
lich  separate,  change  along  the  line  A  M,  the  crystals  becoming  richer  in  B 
does  the  mother>metal. 

If  the  separating  mass  of  solid  crystals  is  to  be  in  equilibrium  with  the  liquid 
mother-metal,  there  must  take  place  a  diffusion  of  metal  A  from  an  earlier 
ciystal  to  attain  the  composition  of  a  later  which  is  in  equilibrium  with  the 
molten  metal.  The  process  taking  place  may  be  imagined  to  be  the  solution 
by  the  liquid  metal  of  the  small  amount  of  A  in  excess  of  the  equilibrium  com- 
position and  its  immediate  redeposition  with  the  correct  amount  of  B  to  meet  the 
requirements  of  the  new  equilibrium.  However,  unless  the  cooling  of  the 
alloy  is  extremely  slow,  the  diffusion  will  be  imperfect,  the  composition  of  the 
first  crystals  will  remain  almost  unchanged,  the  earlier  crystals  will  be  enclosed 
by  layers  of  later  crystals  which  hinder  the  direct  contact  with  the  liquid  neces- 
sary for  quick  diffusion.  As  the  solidification  continues,  the  crystals  therefore 
gradually  change  in  composition.  If  perfect  diffusion  had  taken  place,  the  crys- 
tals separating  at  point  a""  (which  lies  on  the  vertical  drawn  through  a'  and 
represents  the  complete  solidification  of  the  alloy)  as  well  as  the  crystals  that 
were  deposited  between  a"  and  a"",  that  is,  the  whole  mass  of  crystals  ought  to 
have  the  same  composition  as  the  original  alloy. 

The  last  particle  of  molten  alloy  to  freeze  would  have  the  composition  a"' 
if  diffusion  were  perfect;  as  this  is  not  the  case,  its  composition  will  lie  somewhere 
between  a'"  and  E.  On  account  of  the  same  lack  of  perfect  diffusion,  the 
metal  separating  along  A  M  will  consist  of  crystal  aggregates  in  which  the 
amount  of  B  gradually  increases  from  center  to  circumference. 

Following  the  changes  in  alloy  6,  freezing  begins  at  V,  the  crystals  separating 
have  the  composition  V"]  as  cooling  progresses  the  composition  of  the  molten 
mother-metal  will  change  along  b'  E,  that  of  the  crystals  along  6'"  M.  At  the 
eutectic  point  E,  the  highest  saturation  of  j5  in  yl ,  or  the  eutectic  ratio,  has  been 
reached.  The  liquid  of  eutectic  composition  solidifies  and  at  the  same  time 
splits  into  parallel  plates,  but  these,  instead  of  consisting  of  bands  of  pure  i4, 
and  pure  5,  as  in  Fig.  14,  are  composed  of  solid  solution  of  B  in^,  and  of -4  in 
By  of  the  compositions  M  and  N  respectively.  All  the  alloys  to  the  left  of 
the  eutectic  line  will  be  composed  of  solid  solution  a  and  eutectic  mixture. 

If  the  molten  alloy  had  the  eutectic  composition  indicated  by  £,  freezing 
would  begin  and  end  at  £,  and  the  solidified  alloy  would  be  composed  solely  of 
eutectic  mixture. 

The  freezing  phenomena  of  alloy  d  are  similar  to  those  of  6,  with  the  difference 
that  crystals  of  fi  solid  solution,  i.e.,  of  metal  A  in  B,  of  the  composition  J" 
would  separate  and  undergo  changes  similar  to  those  of  6'".  The  freezing  of 
alloy  c  resembles  in  its  changes  that  of  a,  solid  solution  /?  replacing  a.  All 
alloys  to  the  right  of  the  eutectic  line  and  to  the  left  oi  N  S  are  composed  of 
solid  solution  P  and  eutectic  mixture. 

There  remain  to  be  considered  the  changes  taking  place  at  a  temperature 
below  that  of  the  eutectic  line  M  N,  At  the  eutectic  temperature,  M  repre- 
sented the  amoimt  of  B  required  to  satiu-ate  A,  and  N  the  amoimt  of  A  neces- 
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saiy  to  saturate  B.  The  mutual  solubility  decreases  along  the  lines  M  Riai' 
N  S  as  the  temperature  falls.  The  alloy  a  at  solidification  counted  oi  a" 
an  undersaturated  solid  solution  of  B  in  A,  the  saturation-point  lying  at  if. 
As  the  temperature  falls,  the  amount  of  B  that  A  can  hold  in  solid  solutici 
diminishes  along  M  R,  which  line  intersects  the  continuation  of  line  a-<^"'  A 
T.    Here  the  solid  solution  a  is  saturated. 

If  held  for  some  time  at  this  temperature,  a  second  constituent  of  the  com- 
position T"  may  appear,  on  account  the  original  homogeneous  alloy  breaking 
up  into  two  conjugate  solutions  (saturated  solutions  in  contact  with  one  anothtt). 
As  the  temperature  falls  below  T,  an  interchange  takes  place  and  at  the  leftol 
the  eutectic  line  solution  0  increases  over  that  of  a.  These  transformations  m 
the  solid  can  be  brought  about  by  annealing,  i.e.,  holding  an  alloy  at  the  required 
temperature  for  the  period  of  time  necessary  to  bring  about  the  change. 

39.  Binary  Alloys,  with  ComponentsnotFoniiiiigCheiDicalCoiiqmuiiils,uid 
Completely  Soluble  in  ttie  Liquid  and  Solid  States. — Alloys  under  this  heading 


— Kquilibrium  diagram, 
mutually  i 


o  chemical  compounds,  liquid  and  solid  mcbls 

mplclcly  soluble. 


may  be  considered  as  forming  a  special  case  of  those  discussed  in  §28.  Sup- 
posing that  the  solubilities  of  the  motals  A  and  B  in  Fig.  32  increase  to  a  degree 
that  the  points  M  and  jV  merge  into  E,  the  eutectic  line  M  N  will  disappear,  but 
not  the  liquidus  nor  the  solidus  which  usually  are  curved  instead  of  straight 
lines.  Fig.  23  represents  such  a  case  in  which  the  upper  curve  Giquidus)  and  the 
lower  (solidus)  pass  through  a  minimum.  The  liquid  alloy  a  upon  cooling  to 
the  freezing-point  a'  will  deposit  crystals  of  the  composition  a".  As  the  tem- 
perature falls,  the  composition  of  the  liquid  mother-metal  will  change  from  a' 
to  a'",  and  that  of  the  crystals  from  a"  to  a"".  If  diffusion  is  complete,  the 
composition  of  the  solid  alloy  will  be  the  same  as  that  of  the  original;  if  not,  the 
alloy  will  be  made  up  of  crystal  aggregates  varying  in  composition  from  the 
center  to  the  outside.  The  liquid  alloy  c  is  the  one  of  the  lowest  freezing-point; 
it  will  solidify  to  a  homogeneous  solid.  The  liquid  alloy  b  will  begin  to  freeze 
at  b'l  as  did  a  at  a',  depositing  crystals  of  the  composition  b",  which  will  have 
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changed  lo  h""  when  the  solidification  is  complete.     The  alloy-series  Cu-Mn' 
is  characteristic  for  this  class. 

In  Fig.  24  is  represented  a  second  case  in  which  the  freezing-points  of  the 
aUoys  lie  entirely  between  the  freezing-points  of  the  pure  metals  A  and  B;  the 
liquidus  is  curved  upward  and  the  solidus  downward.  In  the  selective  freezing 
taking  place  during  solidification,  the  separating  crystal  is  always  richer  in  the 
metal  of  higher  freezing-point  than  the  original  alloy,  and  the  mother-metal 
correspondingly  poorer.  The  alloy  a  beginning  to  freeze  at  a'  causes  crystals 
of  the  composition  a"  to  form;  during  the  continued  solidification  the  composi- 
tion of  the  mother-metal  changes  from  a'  to  a'" ,  and  that  of  the  crystals  from 
a"  to  u"".  With  complete  diffusion  the  solidified  alloy  will  be  homogeneous. 
With  incomplete  diffusion  it  will  have  a  heterogeneous  structure,  the  composi- 
tions of  the  crystals  varying  from  center  to  outside.  The  alloy-series  Au-Pt.' 
Cu-Ni,*  Pd-Ag,*  Pd-Au'  and  Pd-Cu=  belong  to  this  class. 

30.  Binftiy  Alloys,  with  Components  not  Ponning  Chemical  Compounds, 
and  Partly  Soluble  in  the  Liquid  State. — The  liniitid  mutual  solubility  of  two 
fluid  metals  has  been  referred  to  in  $  26 
by  comparing  their  behavior  with  that 
of  phenol  and  water.  Fig.  25  gives 
ihe  solubility  curve  for  two  metals  with 
which  the  solubility  increases  as  the 
temperature  rises.  Let  x  represent  the 
largest  amount  of  A  soluble  in  B,  and 
s  that  of  B  in  A  at  the  temperature  rep-  j 
resented  by  line  A  B;  alloys  with  a  j 
composition  lying  between  A  and  x  will  i 
be  unsaturated  solutions  of  B  in  A ,  and 
alloys  Iictween  B  and  z  unsaturated 
solutions  of  A  in  B;  alloys  lying  between      "  Comfi^iiiwi 

X  and  z  wiU  consist  of  two  saturated  i,,^,  ,5. -Equilibrium  diignim,  no  chemic* 
solutions  having  the  compositions  X  and  compounds,  liquid  metals  partly  soluble. 
2  respectively.  If  the  two  conjugate 
solutions  have  the  same  specific  gravity,  their  structures  will  resemble  an  emul- 
Mon ;  if  tlierc  is  a  difference,  the  lighter  will  float  on  top  of  the  heavier,  and  the 
line  of  demarcation  will  be  the  more  pronounced  the  greater  the  difference.  If 
the  temperature  is  raised,  the  mutual  solubility  of  the  components  is  increased 
and  grows  along  the  lines  x  y  and  s  y  which  form  the  sa!uration-point  curve. 
At  the  temperature  indicated  by  line  ad,  metal  .1  will  absorb  ah  per  cent,  of 
met^  B,  and  B  will  dissolve  cd  per  cent,  of  ^.     At  temperature  y  the  metals 
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A  and  B  are  soluble  in  all  proportions;  the  point  y  is  the  critical  prnd, 
the  temperature,  the  critical  temperature,  and  the  composition,  the  critkd 
concentration. 

A  liquid  alloy  represented  in. composition  and  temperature  by  D  will  bei 
homogeneous  solution,  as  it  lies  outside  of  the  solubility  curve.  If  the  tempera- 
ture is  reduced,  the  single  solution  will  be  broken  up  into  a  saturated  (-solutm 
and  a  saturated  c-solution  as  soon  as  the  temperature  has  fallen  to  the  point  t 
on  line  ad;  wdth  a  further  fall  the  mutual  solubility  of  A  and  B  will  decrease  in 
the  direction  oi  y  x  and  y  z. 

Supposing  there  are  added  at  temperature  ad,  to  the  pure  metal  A,  successive 
portions  of  B,  the  latter  will  dissolve  in  A  until  the  composition  6,  the  saturation 
point  on  the  solubility  curve,  is  reached.  With  a  further  addition  of  B,  a 
second  saturated  solution  of  the  composition  c  will  appear.  Adding  enough  B 
to  give  the  alloy  the  composition  G,  the  ratio  of  6-solution  and  {:-solution  present 
will  be  as  Gc  :Gb,  As  more  B  is  added,  the  point  G  is  shifted  toward  c,  the  ratio 
Gc :  Gh  will  decrease  until  at  c  the  ^-solution  will  disappear  and  the  alloy  con- 
sist of  a  single  saturated  solution  of  A  in  B.  If  still  more  B  is  added  to  the 
alloy,  the  solution  oi  A  inB  becomes  more  dilute,  but  does  not  change  in 
structure. 

31.  Binary  Alloys,  with  Components  not  Forming  Chemical  Compooiids, 
and  Partly  Soluble  in  the  Liquid  and  Insoluble  in  the  Solid  State. — ^The  diagram 
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Fig.  26. — Equilibrium    diagram,    no  chemical  compounds,  liquid  metals  mutually  partly 

soluble,  solid  metals  insoluble. 


given  in  Fig.  26  represents  such  a  case  in  which  the  branch  B  E  of  the  V-shaped 
curve  is  intersected  by  the  liquid  solubility  curve  in  points  U  and  K;  the  branch 
i4  E  is  identical  with  that  of  Fig.  14.  In  the  latter,  the  metal  a  on  cooling  to  a' 
will  liberate  crystals  of  pure  A.  As  cooling  and  crystallization  continue,  the 
mother-metal  changes  in  composition  along  line  a*  E  until  at  the  eutectic  point 
£  the  eutectic  of  A  and  B  is  formed  and  crystallizes.  The  behavior  of  metal  h 
with  fall  of  temperature  is  identical  with  that  of  metal  a,  excepting  that  pure 
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stab  of  B  separate  instead  of  A.  The  case  is  different  with  metal  Cy  as  its 
iposition  lies  within  the  range  of  limited  solubility.    At  point  c,  the  alloy 

an  unsaturated  solution  of  the  two  components.  As  the  temperature  falls 
t'lttid  reaches  d  on  the  saturation-point  curve,  the  single  solution  breaks  up  into 
t^VD  conjugate  solutions,  the  concentrations  of  which  are  given  by  the  distances 
V  irom  the  vertical  c'  c"  to  the  dotted  curve.  When  the  temperature  has  fallen 
f'  to  r",  the  two  saturated  solutions  have  the  composition  H  and  K  respectively, 
and  their  weights  are  to  each  other  as  c"  K  :  c"  H;  H  and  K  form  the  transition 
points. 

At  the  temperature  c"  begins  the  deposition  of  pure  B  from  /iT-solution;  this 
deposition  would  cause  a  supersaturation  in  A  of  iiT-solution  if  the  excess-yl 
were  not  removed;  this  removal  is  brought  about  by  the  excess-i4  joining  with 
enough  B  to  attain  the  concentration  H.  In  this  manner  the  /iT-solution  de- 
creases in  quantity  with  deposition  of  pure  B  while  the  ^-solution  increases,  and 
the  alloy  as  a  whole  becomes  richer  in  A.  If  metal  B  is  lighter  than  A^  the 
liquid  solution  K  will  float  upon  H.  The  heat  evolved  by  the  freezing  of  B  and 
the  reactions  between  the  solutions  cause  the  temperature  to  remain  constant 
until  the  /T-solution  has  disappeared  and  the  remaining  liquid  alloy  has  attained 
the  composition  Hy  a  saturated  solution  of  ^  in  ^.  Metal  B  now  continues 
to  separate  along  line  H  Eas  does  metal  A  along  A  E. 

The  alloy  d  is  an  unsaturated  solution  of  A  in  B;  as  it  cools  to  d'  freezing 
begins  and  pure  metal  B  is  deposited,  the  mother-metal  is  enriched  in  A  and  its 
freezing-point  lowered  xmtil  at  the  transition-point  K  it  has  become  saturated 
with  metal  A  for  that  temperature  and  been  converted  into  /iT-solution;  as 
freezing  continues,  a  small  quantity  of  ^-solution  appears;  this  increases  while 
iT-solution  decreases  until  it  disappears  altogether.  The  freezing  of  ^-solution 
is  the  same  as  above. 

The  diagram  shows  the  liquidus  yl  EH  K  B,  the  soliduSi4  M  EN  B,  and  the 
vertical  dropped  from  the  eutectic  point  E;  these  divide  the  freezing  plane  into 
five  fields,  all  of  which  are  named. 

Above  the  diagram  are  shown  the  relative  amounts  of  eutectic  and  excess 
metals  for  all  compositions,  also  the  halts  in  temperature  caused  by  the  re- 
adjustments of  the  two  liquid  solutions. 

The  general  structure  of  the  solid  alloys  is  the  same  as  that  with  the  alloys 
treated  in  §27.  Alloys  with  compositions  lying  between  the  transition-points 
E  and  IT,  however,  are  likely  to  be  non-homogeneous.  With  metal  B  lighter 
than  i4,  the  crystals  of  B  liberated  at  K  will  rise,  while  the  heavier  liquid 
will  sink,  and  the  two  may  become  entangled.  In  the  solid  alloy  the  upper 
part  of  a  bar  will  contain  many  B  crystals  with  the  eutectic;  they  will  decrease 
toward  the  bottom,  of  which  the  lowest  part  will  be  eutectic  alone.  Examples 
are  found  in  the  series  Bi-Zn,^  Cu-Pb^  and  others. 

*  Heycock-Neville,  /.  Chetn.  Soc,  1897,  lxxi,  390. 
Spring-Romanofif,  ZU  anarg,  Chem.,  1897,  xiii,  29. 

*  Heycock-Neville,  Phil,  Trans.,  A,  1897,  clxxxix,  25. 
Friedrich-Lerouz,  MeiaUurgie,  1907.  i\',  293. 
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32.  BinaiyAUoys  with  ComiK>nents,  not  Forming  CheinicalCkn^^ 
Partly  Soluble  in  the  Liquid  and  Solid  States. — The  equilibrium  diagram 
alloys  of  this  class  in  which  the  right-hand  branch  of  the  V-shaped  cum 
intersected  by  the  solubility  curve  is  shown  in  Fig.  27.  The  differences  betweal 
Figs.  27  and  26  are  the  same  as  those  between  Figs.  21  and  14,  hence  no  detailei| 
discussion  of  the  diagram  is  necessary.  The  liquidus  is  A  E  H  K  B,ihe  soBdni 
A  M  EN  RB,  the  curve  of  solubility  for  the  liquid  metals  H  P  K;  M  S  vbA 
N  T  are  branches  of  the  solubility  curve  for  the  solid  metals.  The  constitu- 
tions of  alloys  in  different  fields  are  given  in  the  figure. 
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Fig.  27. — Equilibrium  diagram,  no  chemical  compounds,  liquid  and  solid  melals  partly  soluble. 


33.  Binary  Alloys  with  Components,  not  Forming  Chemical  CompoundSi  and 
Insoluble  in  the  Liquid  and  Solid  States. — If  alloys  are  solidified  solutions,  there 
are  no  alloys  of  this  class;  there  can  exist  only  mechanical  mixtures  resembling 
emulsions.  Industrial  mixtures  of  this  kind  have  been  prepared  by  Friedrich,* 
Guertler,^  and  by  Hannover.' 

34.  Binary  Alloys  with  Components,  Forming  Chemical  Compounds,  and 
Soluble  in  the  Liquid,  Insoluble  in  the  Solid  State. — A  list  of  binary  intermetal- 
lie  compounds  well  established  up  to  1909  has  been  published  by  Desch.*  The 
characteristics  of  the  intermetallic  compound  have  been  given  on  page  35.  If 
the  compound  is  of  such  a  nature  that  it  can  be  brought  to  its  melting-point 
without  being  decomposed,  or,  which  is  the  same  thing,  that  it  has  a  definite 
melting-point,  its  behavior  in  freezing  is  the  same  as  that  of  a  pure  metal.  Thus 
its  freezing-point  will  be  lowered  by  the  addition  of  either  of  its  components 

*  Metallurgies  19 10,  vii,  98. 

*  Op.  cil.,  19 10,  VII,  264. 

*  Rev,  Mit.f  191 2,  X,  509. 

*  J.  Inst.  Met.,  1909,  I,  238. 
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and  the  compound  in  the  freezing-point  curve  will  be  shown  by  a  maxi- 
mum, the  location  of  which  agrees  with  simple  atomic  proportions  of  the 
metals. 

As  the  compound  is  decomposed  upon  melting,  the  peak  of  the  maximum  will 
Bot  be  sharp,  but  roxmded.  This  is  shown  in  point  C  of  the  equiUbrium 
diagram,  Fig.  28,  which  represents  the  compound  AxBy  consisting  of  the  compo- 
nents A  and  B^  ahd  containing  A  O  per  cent,  of  metal  A  with  O  B  per  cent,  of 
metal  B.  The  diagram  may  be  considered  as  being  a  combination  of  two  dia- 
grams similar  to  those  of  Fig.  14,  with  the  exception  that  the  resulting  sharp 
point  representing  the  maximum  is  rounded  off.  The  alloy  a  on  freezing  at  a' 
deposits  crystals  a"  which  have  the  same  composition  as  metal  A;  the  freezing- 
point  of  the  mother-metal  enriched  in  B  is  lowered  along  line  a'  E\  until  the 
eutectic  point  £1  is  reached,  when  the  eutectic  freezes  which  is  composed  of  1am- 
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Fig.  28. — Elquilibrium  diagram,  chemical  compounds,  metals  and  compounds,  completely 

soluble  in  the  liquid,  insoluble  in  the  solid  state. 


inae  of  metal  A  and  compound  C  From  the  alloy  h  freezing  at  V  there  are  split 
off  crystals  V  which  have  the  composition  of  compound  C  With  the  falling 
of  temperature,  the  freezing-point  of  the  liquid  metal  is  lowered  until  point  E\  is 
reached  where  the  eutectic  A-\-C  solidifies.  The  alloy  of  the  composition  O, 
representing  the  intermetallic  compound  AxBy  will  solidify  without  change  at 
the  i>oint  C  The  alloy  d  freezing  at  d!  will  deposit  crystals  d''  having  the  com- 
position of  compound  C;  the  eutectic  alloy  Ei  will  be  composed  of  compound  C 
and  metal  B;  the  alloy /cooled  to/'  will  deposit  crystals/'  identical  with  metal 
B;  the  solid  alloys  between  B  and  £2  will  be  composed  of  B  and  eutectic  £2. 
In  the  diagram  the  liquidus  AEi  CE2  B,  the  solidus  A  M  N  R  S,  and  the  ver- 
ticals El  P  and  £2  Q  divide  the  plane  into  ten  fields  with  the  contents  inscribed. 
It  will  be  noted  that  metals  A  and  B  do  not  occur  together  in  a  solid  alloy, 
therefore  there  are  present  two  series  of  alloys  of  different  properties.  If  there 
were  present  two  compounds  instead  of  one,  there  would  be  three  eutectics*^ 
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with  tiiree  compounds,  four  eutectics.  The  largest  series  of  compounds 
studied  bo  far  is  probably  that  of  Na-Pb/  with  four  maxima  shown  in  Fig.  30. 

Ijd  th<e  upper  part  of  Fig.  28  are  given  the  eutectic  arrests  of  Ei  and  £1.  It 
will  be  seen  that,  diminishing  toward  either  side,  the  shading  disappears  at  the 
luniu  of  the  diagram  and  at  the  vertical  COy  the  composition  vertical  of  the 
coiixipound. 

There  exist  many  alloys  in  which  the  chemical  compound  is  a  transition 
ji^f-Giduct,  i.e.j  it  breaks  up  below  its  melting-point.  Such  a  case  is  represented 
'm  Fig.  29,  the  compound  being  stable  only  below  the  line  R  5.  The  alloy  of 
Use  oimposition  O  in  cooling  from  the  liquid  state  will  begin  to  solidify  when  the 
(ine  B  Ris  reached;  the  compound  c^  however,  cannot  form;  instead,  crystals 5 
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Fig.  29. — Equilibrium   diagram,   chemical  compounds,  metals  and  compounds,  completely 
soluble  in  the  liquid,  insoluble  in  the  solid  state;  the  compound  is  a  transition  product. 

begin  to  separate  from  the  liquid  metal  accompanied  by  a  lowering  of  tempera- 
ture, until  its  composition  has  been  changed  to  R,  which  is  also  the  transition- 
point  at  the  temperature  R  S,  The  original  composition  of  the  alloy  is  now 
restored  to  that  of  the  compound  c  by  a  reaction  between  the  crystals  B  and  the 
excess  of  A  in  the  liquid  alloy.  The  restored  compound  now  can  solidify;  the 
temperature  will  not  fall,  it  may  even  rise,  as  indicated  by  the  dotted  curve  R  c, 
owing  to  the  reaction  between  crystals  B  and  the  still-liquid  alloy. 

The  molten  alloy/,  upon  cooling,  will  begin  to  solidify  at/' with  the  separa- 
tion of  crystals/*'  (=J5).  Its  temperature  and  composition  will  change  along 
line/'  Ry  and  at  the  transition  point  R  the  solidification  will  be  complete  with  the 
reactions  just  described  taking  place.  As  the  liquid  alloy  /  contains  more 
metajl  B  than  is  necessary  to  form  compound  c,  the  solid  alloy  will  consist  of 
metal  B  surrounded  by  compound  c. 

With  alloy  d  cooling  to  (/',  crystals  of  composition  d"  will  separate;  with  a 
falling  temperature  freezing  will  continue  as  before,  but  on  account  of  the  pres- 
ence of  more  metal  A  than  is  required  to  form  compound  f ,  freezing  will  not  stop 

*  Mathewson,  Zt.  anarg.  Chem,,  1906,  l,  171. 
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at  the  transition-point  R,  but  will  continue  along  line  R  E  with  the  separation 
of  compound  c  until  the  temperature  and  composition  have  reached  the  eutectic 
point  along  V  E,  when  freezing  is  completed  by  the  separation  of  the  eutectic, 
consisting  of  metal  A  and  compoimd  c.  The  liquid  alloy  b  begins  to  freeze  at  V 
accompanied  by  the  separation  of  the  excess  constituent  6"  which  has  the 
composition  of  compoimd  c;  freezing  then  continues  in  the  same  manner  as  with 
alloy  d  after  it  has  passed  point  R.  The  freezing  of  melted  alloy  a  needs  no 
further  comment. 

The  top  of  the  diagram  shows  in  E  A  C  the  eutectic  times  and  the  amounts 
of  eutectic  and  excess  material  in  the  eutectiferous  series  of  alloys.    It  shows 
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Fig.  30. — Equilibrium  diagram  of  sodium-lead  alloys. 


in  the  triangle  marked  Transition  the  arrest-curve  plotted  from  the  retarda- 
tions in  the  cooling  curves  which  were  caused  by  the  reactions  between  crys- 
tals B  and  the  still-liquid  alloy.  The  eutectic  times  due  to  the  solidification 
of  eutectic  become  smaller  on  either  side  of  the  eutectic  composition.  They 
disappear  on  the  left  when  the  alloy  has  changed  into  pure  metal  A,  and  on  the 
right  when  the  compoimd  c  has  been  reached.  The  longest  duration  of  the 
transition  arrests,  due  to  the  greatest  development  of  heat  caused  by  the 
reaction  between  metal  B  and  liquid  alloy,  corresponds  with  the  composition 
of  compound  c,  and  coincides  with  the  vanishing  point  of  the  eutectic  arrests. 

The  Cu-As  series  of  alloys^  forms  a  good  example. 

35.  Binaiy  Alloys,  with  Components  Forming  Chemical  CompoundSi  and 
Con^letely  Soluble  in  the  Liquid,  Partly  Soluble  in  the  SoUd  State.— The 
equilibrium  diagram  of  such  an  alloy  is  shown  in  Fig.  31.    The  relation  between 

*  Friedrich,  Metallurgies  1905,  n,  477. 
Bengough,  J,  Inst.  Met.,  1910,  ui,  34. 
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this  and  Fig.  28  is  the  same  as  that  between  Figs.  22  and  14,  «.«.,  instead  oi 
pure  metals  A  and  B  and  pure  compound  C  crystallizing,  there  separate  solid 
solutions  a,  /?,  y  and  d.  Concerning  the  chemical  compoimd,  the  case  is  fte 
same  as  that  discussed  in  Fig.  27,  in  that  it  has  a  definite  melting-point.  An 
analysis  of  the  diagram  is  not  necessary. 


Composition 


0   ^PeroenC 
100  f  Weight 


Fig.  31. — Equilibrium  diagram,  chemical  compounds,  metals  and  compounds  completely 

soluble  in  the  liquid,  partly  soluble  in  the  solid  state. 

36.  Binary  Alloys,  with  Components  Forming  Chemical  Compounds^and 
Completely  Soluble  in  the  Liquid  and  Solid  States. — Fig.  32  is  the  constitu- 
tional diagram  of  a  case  in  which  the  chemical  compound  has  a  definite  melt- 
ing-point below  the  melting-points  of  the  pure  metals  A  and  B.  The  diagram 
resembles  very  much  Fig.  22,  treated  in  §29,  which  referred  to  conditions  in 


I 


• 

Liquid      Alloy 

-,                    if 

^^ 

^^==:.::=^C^ 

^^ 

5^ 

Solid    Alloy 

• 

A  100 

90 

80 

70 

60        60        40 

30 

20 

B  0 

10 

20 

80 

40        60        GO 
Composition 

70 

80 

10         0  (  Percent 

»    "o^^JJ^ 

Fig.  32. — Equilibrium  diagram,  chemical  compound,  metal  and  compound  completely  soluble 

in  the  liquid  and  in  the  solid  states. 

which  no  chemical  compound  was  formed.  There  the  apex  C  referred  to  a 
point  on  a  continuous,  curve.  Here  it  denotes  the  intersection  of  two  curves. 
The  alloy-series  Mg-Cd^  forming  the  compound  MgCd  forms  a  good  example. 

*  Grube,  Zt,  anorg.  Chcm.y  1906,  xlix,  72. 
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37.  Binaxy  Alloys,  with  Components  Forming  Chemical  Compotmds,  and 
Pitftly  Soluble  in  the  Liquid,  Insoluble  in  the  Solid  State. — ^The  equilibrium 
diagram,  Fig.  33,  may  be  considered  as  being  made  up  of  two  diagrams,  like 
Tig.  25,  placed  one  beside  the  other  with  the  descending  branch  of  the  second 
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-Equilibrium  diagram,  chemical  compound,  metal  and  compound  partly  soluble  in 

the  liquid,  insoluble  in  the  solid  state. 
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Fig.  34. — Equilibrium  diagram,  chemical  compounds,  metal  and  compound  partly  soluble 

in  the  liquid  and  in  the  solid  states. 

Starting  at  the  point  B,  and  with  the  point  C,  Fig.  33,  flattened.  The  discus- 
sion given  in  §31  holds,  if  compound  C  is  substituted  on  the  left  side  of  the 
diagram  for  metal  B  in  Fig.  25,  and  on  the  right  side  for  metal  A. 

38.  Binaiy  Alloys,  witti  Components  Forming  Chemical  Compomids,  and 
Paitly  Soluble  in  the  Liquid  and  Solid  States.— The  details  of  the  equilibrium 
diagram.  Fig.  34,  oflFer  nothing  new,  if  the  relations  of  Figs.  34  to  33  are  com- 


Fig.  35. — Triaxial  diagram. 
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pared  with  those  of  Figs.  31  to  aS.    Instead  of  having  pure  .4,  BandCriFifrl 
32,  there  are  found  solid  solutions  a,  fi,  7,  and  5. 

39.  Binaiy  AUoys.  with  Components  Forming  Chemical  Coiiqiounds,iBll 
Insoluble  in  the  Liquid  and  Solid  States. — The  statement  made  on  a  smbrl 
condition  in  §33  holds  good  here. 

40.  Ternary  Alloys.' — The  phenomena  exhibited  in  the  freezing  of  temirf  1 
alloys  are  more  complex  than  in  those  of  binary.  Ternary  alloys  may  be  dis-  1 
sified  according  to  the  same  points  of  view  as  binary  alloys,  but  the  subdiiii-  ] 

sions   become   almost    innumerable  and  | 
only  a  few  alloys  have  been  investigated. 

The  constitution  of  the  ternary  system 
is  represented  graphically  by  means  of  tht  ' 
equilateral  triangle  first  used  by  Gibbs' 
and  shown  in  Fig.  35.  The  comers  A,  S, 
C  represent  the  pure  metals,  and  a  point 
on  the  side  of  the  trian^e  gives  the  com- 
position of  the  binary  alloy  made  up  0! 
the  two  adjoining  comer- metals.  The 
composition  of  an  alloy  inside  the  triangle, 
represented,  e.g.,  by  a  point  p,  is  asce^ 
taincd  by  measuring  the  perpendicular 
distances  to  the  sides;  their  sum  is  equal 
to  the  height  of  the  triangle,  and  if  this  is  divided  into  100  parts,  the  lengths 
of  the  perpendiculars  give  the  percentage  composition;  lines  drawn  at  right 
angles  to  the  normals  permit  reading  it  off.  Thus,  the  alloy  represented 
by  point  p  has  the  composition : ,  50  per  cent.  A ,  20  per  cent.  B,  and  30  per 
cent.  C.  If  in  addition  the  freezing-points  are  to  be  represented,  this  can  be 
done  by  erecting  verticals  on  the  basal  triangle  from  the  points  showing  the 
compositions  and  joining  their  upper  ends;  this  will  constitute  »  freezing-poiiU 
surface  corresponding  to  the  freezing-point  curve  of  binary  alloys.  This  method 
of  representing  ternary  alloys  was  first  used  by  Thurston,'  who  also  constructed 
modelsofthreedimensions  to  represent  the  physical  properties  of  Cu-Zn  alloys.* 
The  ternary  series  Pb-Sn-Bi,  studied  by  Charpy,*  may  serve  as  an  example 

'Aldct-Wrighl-Thompson./'fM.  Any.  Sm.,  1888-89,  XLv,  461;  1890,  xlviii,  aj;  1890-91, 
XLOt.  156. 

Wright,  op.  til.,  iSgi,  L,  372;  1891-93,  Ui,  u,  53°;  1894,  lv,130. 

/.  phys.  Ckcm.,  1897,1,403;  1S99,  III,  }\i  (Bancroft);  1902,  vi,  187  (Browne);  1904, Vin, 
357  CGr«r). 

Zl.  phys.  C/tem,,  1897,  xxiv,  441  (Kriioff);  1904,  l,  169;  1905,  U,  S47i  l".  S'3  (Schdtie- 
makers);  1905,  Liii,  449  (Koozeboum-Alen);  1907,  lx, 399  (Jiinecke);  190S,  lx,  357  (Ruet); 
507  (Sahmcn-Vcgcsack). 

*Coii«.  Academy,  1876,  in,  176. 
•  Howe,  H.  M.,  Tt.  A.  I.  M.  E.,  1898,  xxviii,  346. 

'  Thurston,  R,  H.,  "A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys,"  Wiley,  New  York, 
1900,  p.  425. 

»  Compl.  Rend.,  1898,  CXKVI,  1569,  164s;  BuU.  sac.  d'tncour.,  1898,  UI,  6jo;  "CODlribu- 
tioDS  1 1'ftude  des  Alliages,"  1901,  p.  toy,  Uelallogratkisl.  1S99,  n,  9. 
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of  alloys  which  form  neither  chemical  compounds  nor  solid  solutions.*  Fig. 
36,  3  projection  of  the  freezing-point  surface  on  the  basal  plane  of  the  prism, 
11  made  up  of  three  zones  which  meet  along  the  lines  Ee,  E'e  and  E"e,  and 
{wm  valleys  showing  the  separation  of  the  binary  eutectics  Pb-Bi,  Pb-Sn  and 
&i— Bi,  which  nm  downward  to  the  eutectic  point  e. 


Fig.  36.  Fig.  36A. 

Figs.  36  And  36A. — EquDibriuni  diagiain  and  space  model  of  the  alloy  series,  lead'tin-bbmuth. 

The  space-model  is  shown  in  Fig.  ^tA  as  a  triangular  prism  with  vertical 
sides;  the  figure  is  slightly  tilted  to  show  theV-shaped  curves. 

Alloys  in  the  zone  PbEeE'  will  deposit  Pb  when  they  begin  to  freeze,  alloys 
in  the  zones  BiEe  £"'and  Sn  E'e  E"  will  deposit  Bi  and  Sn  respectively.  Alloys 
situated  on  the  binary  eutectic  line  E'e  on  freezing  will  de- 
podt  both  Pb  and  Sn,  those  on  £  e  both  Pb^  and  Bi ;  those  on 
£"e  both  Bi  and  Sn.  At  e,  the  ternary  eutectic  with  Pb  32 
per  cent.,  Sn  15,5  per  cent.,  and  Bi  52.5  per  cent,,  will 
freeze  at  96°  C.  Its  composition  resembles  closely  the  | 
Newton  fusible  alloy  made  up  of  4  parts  Pb,  3  Sn  and  8  | 
Bi,  The  light  curves  are  isothermals,  25°  C.  apart.  The  ! 
different  phases  in  the  process  of  freezing  arc  made  clear  by 
following  an  alloy  as  it  passes  from  the  liquid  to  the  solid 
state.  Its  cooling  curve,  Fig.  37,  will  show  three  retarda- 
tions; the  first,  A,  is  due  to  the  solidification  of  pure  metal; 
the  second,  B,  to  the  separation  of  the  binary  eutectic;  the 
third,  C,  to  the  freezing  of  the  ternary  eutectic  which  is  com-  ^"^"  37-— Cooling 
'     '  *  T  curve  of  a  ternary 

pleted  at  c.  ^^^ 

Let  the  molten  alloy  A,  Fig.  36,  be  at  250°  C.    When  it 
has  cooled  to  175°,  it  will  begin  to  freeze;  Bi  will  crystallize,  the  mother-metal 
will   become   enriched  in  Pb  and  Sn,  and  its  freezing-point  lowered.    The 
composition  changes  along  a  line  drawn  from  Bi  through  A  to  the  intersection 
of  the  eutectic  line  E"e  at  125",     Now  the  eutectic  of  BLand  Sn  separates  and 

■Recent  research  {Min.  I«4.,  1910,  xix,  4J7)  has  shown  that  Sn   ahd   Pb   fonn  solid 
Mentions  to  a  small  extent,  but  this  does  not  aCect  the  freezing-point  surface. 
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I  the  coniposition  and  temperature  of  the  molten  alloy  to  travel  nl 
e  to  the  point  e,  where  the  ternary  eutectic  solidifies  and  splits  intoid 
(MNponrnta.  The  photomicrograph,  Fig.  38,  shows  light  areas  of  Bi  enclcw 
ity  th*  darker  binary  eulectic  Bi  +  Sn,  and  the  dark  ternary  eutectic  occup^ 
Um  rc*t  of  the  field. 

Other  examples  are  Cu-Ag-Pb,'  Cu-Ag-Au  and  Fe-Co-Ni,*  Sn-Cd-Pbl 
•ml  Sn-Cd-Bi,»  Cu-Ni-Zn,*  Pb-Sn-Sb,'  Pb-Cd-Bi,"  Pb-Ag-Sn,'  Fe-Csnd 
other  metaU,  such  as  P,'  Sb  and  Sn°  and  others.'" 


Fiu.  j8. — rholoaiicrogiajih  of  a  load 


cuicciic.    (Charpy). 


41,  Quatemary  Alloys. — The  constitution  of  these  alloys  has  not  been 
studied  lo  any  exU-nt.  The  griiphical  representation  of  each  alloy  would  require 
a  tetrahedron.  The  fusible  alloys  of  Wood  (Sn  2  Bi  7-8,  Cd  1-2  parts)  and 
Lipowitz  (Sn4,  Pb  8,  Bi  15,  Cd3  parts)  are  probably  quaternary  alloys.  Alloy- 
steels,  such  as  Ni-Cr,  W-Cr,  Ni-Va,  Cr-Va,  etc.,  form  a  division  of  increasing 
importance. 

42.  Transformations  in  Alloys  and  Metals. — When  alloys  are  heated  to 
tt'nijK-rutures  btlow  their  melting-points  they  often  undergo  changes  (trans- 


y 


Fricdrich,  Melalliirgie,  1907,  iv,  zgj. 
Jant-ckc,  of.  cit.,  1910,  vu,  350. 
Stollel,  Zt.  anarg.  Chem.,  igo?,  Lin,  13 
Tafcl,  MetallurgU,  1908,  V,  343,  375,  4 
Locbc,  MetaUurgie,  1911,  vni,  7,  33, 
CumpbcU-Eldcr,  School  Min.  Quart.,  n 
Bnrlow,  Zt.  anorg.  Chem.,  1 
Partavano,  Internal.  Zt.  Melatlograpkir,  i 
Gocrens-Dobbcl stein,  Metallnrgir,  tgoS,  v 
Gocrens-EUingET,  op.  til.,  1910,  vn,  7a. 
'  Coerens,  Zt.  Eletlrothem.,  1909,  xv,  617. 
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ftrmations)  which  may  be  only  physical,  as  seen  in  the  equilibrium  diagrantt^^H 
given.     Frequently  these  changes  are  also  chemical.     Thus,  if  the  Newton      i  fl 
fusible  alloy.'  mentioned  above,  is  heated,  chilled  in  water,  and  then  quickly 
removed  from  the  water,  its  temperature  is  found  to  rise  sufficiently  to  burn 
the  hand.     Its  fracture  just  after  chillingisporcelanicand  the  luster  resinous         J 
to  vitreous;  after  the  rise  of  temperature  caused  by  the  heat  evolved  from  molec-^fifl 
ular  changes  of  constituents,  it  is  granular  and  dull.     If  in  the  eutectiferou»^^H 
Fe-C  series  of  alloys  a  steel  with  o.8q  per  cent.                                                ^^^ 

down  slowly  to  690°  C,  a  transformation  involv-  ^^ 
ing  a  chemical  change  takes  place;  the  soh'd  solu- 
tion is  transformed  into  a  eutecloid  called  pearlite 
which  consists  of  88  per  cent.  Fe  and  13  per  cent.    ^ 
FejC.     The    term    Euledoid    has  been   given  by    eat 
Howe  to  the  product  of  the  lowest  transformation    ^ 
in  a  sohd  alloy,  in  contradistinction  to  eutectic. 

—  — 

which  is  the  product  that  solidifies  last  upon  cool-    "" 
ing  a  molten  eutectifcrous  alloy.    The  form  of  the    "* 
curve  is  V-shaped  and  shows  progressive  changes    "» 
in  the  solid  solution  just  as  is  the  case  with  the    «„ 

.- . ' , 

_. 

(rcczing-point  curve  in  the  liquid  solution,     Eu-           *  "  "V^.SikSi.u  **  " 
tcctoid  structures    resemble  cuteclic   structures,  p^^  ,0 —Cooling  cur\-e  ot  stwl   ^^ 
The  prefixes  hypo-  and  hyper-  are  used  in  a  similar          ^[^l^ ,  ,j  P^r  cent.  C.        ^^| 
sense  a.s  with  eutectic,  giving  hypo-eute<toid  and                                                ^P^| 
hyptr-euiectoid  alloys.*    Such  a  transformation  takes  place  rapidly  and  may   ■    B 
evolve  sufficient  heat  to  cause  the  temperature  to  rise  suddenly,  a  phenomenon 
known  as  rtcalescence.    Fig.  39  marks  the  cooling  curve,  by  Osmond,'  of  a  hard 
steel   with   1.15  per  cent.   C,  0.19  Si,  o.oj  S,  0.02  P,  and  0.10  Mn.     While 
cooling  from  1,065°  C  a  slight  accidental  retardation  is  noticed  at  860°  C,  the 
recalescencc  point  lies  at  674°  C;  the  transformation  begins  at  720°,  closes  at 
645°,  and  lasts  64  seconds.    The  observations  necessary  for  plotting  such  a 
curve  are  to  note  the  time  in  seconds  it  takes  the  deflection  from  the  galvano- 
meter of  a  thermoelectric  pyrometer  to  pass  over  equal  increments  (say  5  mm.) 
of  the  scale. 
^L           In  heating  a  steel  with  o.8q  per  cent.  C.  above  the  critical  temperature 
^K     o(  690"  C,  the  eutectoid  is  again  transformed  into  a  solid  solution.     Such  trans- 
H     (ormaljons  are  called  reversible;  if  the  change  upon  cooling  cannot  be  restored  by 
^B     beating,  the  transformation  is  irreversible.    The  critical  temperature  at  which 
H     a  trarsfonnation  is  noted  in  cooling  is  not  the  same  as  that  in  heating,  as  the 

^1           ■  Pcnon,  Comfit,  rend.,  1847,  xxv,  444. 

^B           »  I>l«C'i»MOIl  of  nomenclature,  E«g.  Min.  J.,  1003,  U«V,    144   (Howe).   323   (Brotigh), 

^K     j«o  (SUMfidd),  361  (Arnold),  435  (Sauveur),  471  (Osmond).  sS8  (Howe),  sSS  (Grohmunn). 

^M     k  Oh,  Para,  1SS8.  pp.  74  and  17.  Male  >. 

E 
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Fig.  40, — Cooling   and  heating 
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transformation  is  not  instantaneous  because  diffusion  in  solid  metals  takescm- 1 

sidcrable  time.    In  Fig.  40,  Ac  (arr^/cAou/an/,  arrest  in  heating)  lies  higher  tliul 

A  r  {arril  refroidissanl,  arrest  in  cooling).     Between  the  two  points  lies  tbe  I 

critical  range.    The  full-drawn  lines  show  the  temperatures  at  which  the  aDo;  1 

is  below  the  critical  temperatures,  the  dotted  lines  at  which  it  is  above  them. 
Transformations  in  steels,  more  hi^lycai- 
bonized  iron,  brasses,  bronzes,  etc.,  are  of  fat- 
reaching  importance  in  their  effects  upon  the 
physical  properties.  Transformations  in  metals 
and  intermetallic  compounds  are  of  frequent 
occurrence;  these  substances  are  s^d  to  be 
polymorphic.  Iron  is  known  to  exist  in  the  thret 
allotropic  forms  of  y-,  ^-  and  a-iron.  The  cod- 
ing and  heating  curves  of  iron  are  shown  in  Fig. 
The  first  jog  in  the  soUd-nirawn  cooling 
curve,  due  to  the  solidification  of  iron,  occurs 

at  1,505"  C.  (the  figure  generally  accepted  at  present  is  1,520°),  the  iron  is 

present  as  ^'-iron,  and  continues  in  that  form  until  the  temperature  has  fallen 

to  Afs  at  880°  C  when  it  changes  into  /^-iron,  and  this  is  transformed  at  Au 

with  780°  into  a-iron.    In  the  dotted  heating  curve  the  corresponding  arrests 

Aci  and  Ad  lie  from  20  to  30°  higher. 

In  a  eutectiferous  series  of 

alloys  the  transformation  of  a 

polymorphic    metal    or    inter-     "" 

metallic  compound  takes  place     „„, 

at    the    same    temperature 

whether  it  is  present  as  a  pri-     '*" 

mary  crystal  or  as  a  constituent  d  um 

of    the    eutectic,   hence    the  g 

change   is  represented  in  the  | 

equilibrium  diagram  by  a  hori-  §  »» 

zontal  line  which  extends  as  far 

as  the  eutectoid.    With  solid 

solutions    the    transformation     "> 

temperature    varies   with    the 

composition;   in  the  graphical 

representation    there    will    be     •" 

required  two  lines  which  will     ^ 

correspond    closely    with    the         ' 

liquidus  and  solidus. 

43.  Preparation  of  Alloys. 
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—Cooling  and  heating  ci 


— Alloys  are  usually  prepared  by  fusion;'  amalgams,  of  course,  form  an  ex- 
ception to  this  general  statement.     Metals  in  a  finely  divided  state  have 


t  Deach,  "Some  Defects  In  Allo]-s,"  /.  Insl.  Mel., 


been  united  by  Spring^  by  subjecting  them  to  strong  pressures.  In  the  ceni« 
tation  process  steel  is  produced  by  the  diffusion,  at  an  elevated  temperature, 
of  C  into  carbonless  iron.  Again,  Cu,  e.g.,  may  be  exposed  to  the  vapors  of 
Zn.and  brass  formed  without  fusing.  Further,  from  an  aqueous  solution  metals 
may  be  deposited  together  as  an  alloy;'  thus  Cu  and  Zn  are  deposited 
together  as  brass.* 

In  the  fusion  method,  the  metal  of  a  higher  melting-point  is  usually  fii 
liquefied  in  a  crucible,  kettle  or  furnace,  and  then  the  more  readily  fusible  metal 
charged,  ordinarily  in  the  solid  state  after  ha\Tng  been  warmed,  rarely 
in  the  liquid  state.  If  two  metals  arc  to  be  alloyed,  and  one  is  volatile  at  the 
melting-point  of  the  other  (e.g.,  Zn  and  Cu),  they  are  charged  together  in  order 
that  the  readily  fusible  metal  may  dissoh'e  the  more  refractory.  In  order  tft; 
prevent  oxidation  during  fusion,  the  charge  is  covered  with  charcoal  or  with  a,] 
flux  such  as  boras  glass.  Sometimes  metals  or  alloys  that  have  a  very  muclt. 
stronger  affinity  for  O  than  the  charge  are  added  in  small  amounts  during  or' 
alter  fusion,  in  order  that  they  may  combine  with  the  O  of  a  constituent  of  thei 
alloy  that  has  become  superficially  oxidized.  The  oxide  of  the  purifying  metal 
may  not,  of  course,  combine  with  the  alloy;  a  small  excess  of  the  metal  added 
also  may  not  injure  the  pro[>erties  of  the  alloy.  The  purifying  metals  in  common 
use  arc  Mg,  Al,  Mn,  Si,  and  P. 

Metals  that  are  imperfectly  miscible  have  to  be  kept  molten  for  some  timc^ 
at  a  sufficiently  elevated  temperature  and  repeatedly  stirred  if  a  uniform  alloy! 
is  to  be  the  result.    It  is  often  necessary  to  rcmelt  an  alloy  several  times  befoi 
the  desired  uniformity  can  be  obtained. 

In  casting  an  alloy,  it  is  important  to  avoid  liquation,  i.e.,  the  segregation^ 
of  readily  fusible  constituents  from  those  which  fuse  with  difficulty,  Liquaticm 
will  not  occur  with  metals  forming  solid  solutions,  but  will  be  coi 
cutcctifcTOUS  mixtures,  and  will  be  especially  the  case  if  the  reciprocal  solubility 
is  limited,  and  the  difference  in  freezing-points  of  eutectics  and  constituent 
metals  is  large.  Liquation  is  favored  by  slow  cooling;  chilling  sets  up  internal 
strains;  hence,  in  casting  one  has  to  steer  between  the  two  extremes  or  to  chill 
and  then  anneal  the  alloy.  In  casting  sample  bars  of  Pb-Ag,'  or  of  Cu-Ag* 
the  alloy  will  be  poured  into  a  cold  heavy  iron  mold,  which  abstracts  heat  quick^ 
and,  chilling  the  alloy,  prevents  segregation."     Irrespective  of  any  liquation^ 

'Ser.  detUich.  chrm.  Ces.,  i88i,  xv,  S9S:  X'-  My^.  Chem.,  i88S,  n,  531,  536;  Bull.  See.  I 
CUm.,  18SS.  xux.  115. 

Mui'ng,  Zt.  anort.  Chem.,  iQog,  Lxii,  365. 
Drcwlli,  Vtrh.  Vtr.  Btjord.  Cewer  btjhm.,  1901,  utxxi,  335. 
Tamnumn,  Zl.  EUdrocliem..  igoq.  xv,  44, 
'Langbdn,  G.,  sod   Brnnnt.  W.  H.,  Ek-ctrodcposiLion  of  Melnia,   Guird,  Philadelphia,  I 
190S. 

Mi-M^llati_    w.  G.,  Treutiac  on  Electrometallurgy,  Lippintolt.  Philuddphia,  18^. 

*  De  Kay  ThompMn,  Uel.  Ckem.  Ent-,  i()ii,  X,  4SS. 

*  BofnMD,  "Melallur)!}'  o(  Lead,"  New  York,  iSQg.  J50. 

*  Kdlcr,  Tr.  A.  1.  M.  £..  1897,  xxvit,  106. 
'RotmU  Austen- Harbonl,  "InlroduLtion  to  the  Study  of  Molallurgy."  19:0.  p.  76, 
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6o  GENERAL  METALLURGY 

there  is  for  each  metal  or  alloy  a  certain  casting  temperature  and  a  certain 
rate  of  cooling*  which  gives  the  most  satisfactory  product,  as  the  crystals  wi8 
be  of  the  required  size  and  their  arrangement  of  such  a  sort  as  to  furnish  tlie 
greatest  strength  and  the  highest  degree  of  durability.  K  the  crystals  are  too 
large,  on  account  of  a  high  casting  temperature,  there  will  be  found  weak  lines 
along  cleavage  places;  if  they  are  too  small  there  will  not  be  enough  interlock- 
ing and  the  product  again  will  be  weak. 

44.  General  Properties  of  Alloys.*  Density. — ^The  specific  gravity  of  an 
alloy  may  be  the  mean  of  that  of  the  constituent  metals  if  it  is  composed  of 
an  eutectic  mixture;  if  of  a  solid  solution,  or  when  the  components  have  formed 
intermetallic  compounds,  it  is  higher.  Alloys,  the  density  of  which  is  greater 
than  the  mean  of  the  constituents,  are  those  of  Au  —  (Zn,  Sn,  Bi,  Sb,  Co),  Ag- 
(Zn,  Sn,  Bi,  Sb),  Cu-(Zn,  Sn,  Pd,  Bi),  Pb-Sb,  Pt-Mo,  Pd-Bi.  A  striking  example 
is  that  of  a  bronze  with  38  per  cent.  Sn  which  has  a  specific  gravity  of  8.91, 
while  that  of  Cu  is  8.89  and  of  Sn  7.31.  Alloys  the  density  of  which  is  smaller 
than  the  calculated  mean  are  Au-(Ag,  Te,  Pb,  Cu,  Ir,  Ni),  Ag-(Cu,  Te,  Bi,Pb), 
Sn-(Pb,  Pd),  Ni-As,  Zn-Sb.  A  good  example  of  the  second  class  is  the  alloy 
Al  18  per  cent,  and  Sb  82  per  cent,  with  a  specific  gravity  4.217  (calculated  mean 
5.22),  the  specific  gravity  of  Al  being  2.67  and  of  Sb  6.72. 

45.  Color. — In  §  6  it  has  been  shown  that  with  the  exception  of  Cu  and  Au 
all  metals  are  gray  or  white.  By  the  union  of  gray  and  white  metals  alloys  of 
similar  colors  are  produced.  Cu  alloyed  with  other  metals  gives  yellow  (Zn- 
Al),  white  (Zn,  Sn,  Ni),  violet  (Sb),  etc.,  alloys.  Au  by  an  admixture  of  Cu 
becomes  reddish,  of  Ag  greenish-yellow  to  whitish,  of  AF  white,  pink,  ruby- 
colored  (Au  AI2)  and  so  on.  Ledebur  arranged  the  leading  metals  according  to 
their  coloring  power  in  the  following  order:  Sn,  Ni,  Al,  Mn,  Fe,  Cu,  Zn,  Pb, 
Pt,  Ag,  Au,  in  which  Sn  has  the  greatest  decolorizing  effect.  Thus  the  yellow 
of  Au  will  be  obliterated  by  a  comparatively  small  amount  of  Sn.  The  produc- 
tion of  color  effects  is  a  special  art.* 

46.  Crystallization. — ^This  is  of  little  industrial  importance.  In  a  general 
way  it  may  be  said  that  if  the  constituents  of  an  alloy  crystallize  in  one  system, 
the  alloys  will  show  forms  of  the  same  order;  if  not,  it  will  generally  assimie 
shapes  belonging  to  the  system  of  one  of  the  constituents.  Thus  Cu-Zn, 
Au-Ag,  Pb-Ag,  Hg-Ag  form  isometric;  Au-Sn,  Fe-Sn  tetragonal;  Sb-Zn,  Fe-Mn 
orthorhombic;  Cu-Sn  hexagonal  crystals. 

*  Primrose,  /.  Inst.  Mel.,  19 10,  rv,  248. 

'  Calvert- Johnson,  Phii.  Mag.,  1859,  xviii,  354. 
Matthiescn,  Proc.  Roy.  Soc,  1859-60,  x,  12,  Phil.  Trans.  Roy.  Soc,  A,  i860,  177. 
Riche,  Compt.  Rend.,   1862,  lv,   143;    1868,  lxvii,    1138;    1869,  lxix,  343;  Ann,  it 
Chim.,  1873,  XXX,  35. 

Macy,  Zt.  phys.  Chem.,  1899,  xxix,  119;  1901,  xxxviii,  289,  292;  1904,  l,  200. 
Retgers,  op.  cit.,  1889,  in,  497. 
Hannover,  Rev.  Mit.,  191 2,  ix,  641. 

*  Roberts-Austen,  Proc.  Roy.  Soc,  1891,  xlix,  347. 

*  Hiorns,  A.  H.,  ** Metal   Coloring  and  Bronzing,"  Macmillan,  London,  1892. 
Buchncr,  G.,  **Die  Metallfarbung,"  Krayn,  Berlin,  i9o(). 

Hartmann,  F.,  "Das  Farbcn  der  Metalle,"  Ilartlebcn,  Vienna,  191 2. 
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47.  Structure. — ^The  structure  of  an  alloy  is  governed  not  only  by  its 
ckmical  composition,  but  also  its  rate  of  cooling  and  any  mechanical  treatment 
it  may  have  been  subjected  to.  It  is  studied  in  the  same  manner  as  is  that  of 
ntlals,  by  fracture  and  microscopical  examination  of  polished  surfaces. 

48.  HardnesB. — A  metal  when  pure  is  always  softer  than  when  it  is  alloyed 
irith  another,  hence  for  mechanical  purposes  alloys  are  in  more  general  use. 
The  hardening  effects  the  metals  may  have  upon  one  another  vary  greatly. 
Sbhas  a  strong  hardening  power;  Cu  is  hardened  by  means  of  Zn,  Sn,  Al,  F; 
PbhyZn,  Sn,  Sb;  Zn  by  Fe;  Au  by  Ag  and  Cu;  Fe  by  C,  Cr,  Wo,  Mo,  Vd,  etc. 

KumakoffandSchemtschuschny*  have  studied  the  relations  existing  between 
Dm  hardness  and  constitution  of  alloys.  Metals  are:  (i)  Mutually  insoluble 
and  form  a  eutectic  conglomerate;  the  hardness  is  a  linear  function  of  the  com- 
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Fio.  42. — Hardness  and  electric  conducliviiy 
curves  of  solid  solution  alloys. 
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Fic.  43.— Hardness  and  electric 
conductivity  cun'cs  of  alloys  [urming 
chemical  compounds. 


position  and  the  curve  a  straight  line;  (2)  mutually  soluble  and  form  a  series  of 
solid  solutions;  the  hardness  curve  is  a  continuous  line  having  a  maximum  near 
the  point  representing  equal  weights  of  the  two  metals.  The  upper  part  of  Fig. 
42,  representing  the  Cu-Au  series  of  alloys,  shows  this  in  the  curve  ABC;  (3) 
mutually  insoluble  and  form  a  chemical  compound;  the  hardness  curve  consists 
of  two  straight  lines  intersecting  at  the  composition  p>oint.  This  is  shown  in 
the  upper  part  of  Fig.  43,  representing  the  Cu-Sn  series  of  alloys  with  the 
chemical  compound  CusSn  well  established;  the  compound  CutSn  is  still 
doubtful.  The  relation  between  hardness  and  electric  conductivity  shown  in 
Figs.  42  and  43  is  discussed  in  §54. 

49.  Strength. — This  is  governed  by  the  thermal  and  mechanical  treatment 

an  alloy  has  received.    In  general  it  may  be  stated;  (i)  That  the  tensile  strength 

of  a  metal  is  increased  up  to  a  certain  point  by  the  addition  of  a  second  metal 

and  then  decreased  unless  the  second  metal  is  stronger  than  the  first;  (2)  that 

'Z/.  anmi.  CJKm.,  1908,  uc,  i. 
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by  the  addition  of  a  third  metal  to  a  binary  alloy,  the  tensile  strength  of  the 
latter  is  often  increased;  (3)  that  the  elastic  limit  of  an  alloy  grows  with  the 
ultimate  strength,  but  does  this  faster  and  often  continues  to  grow  when  the 
ultimate  strength  has  reached  its  maximum;  (4)  that  the  effect  of  high  tempera* 
ture^  is  irregular;  (5)  that  the  relations  that  may  exist  between  tensile  strength 
or  elastic  limit  and  constitution  have  not  yet  been  defined. 

50.  Plasticity. — As  a  rule,  pure  metals  are  more  malleable  and  ductile 
than  their  alloys.  Thus,  «.g.,  the  malleability  and  ductility  of  Cu  are  re- 
duced nearly  to  zero  by  the  presence  of  6  per  cent.  Sn.  Au  and  Ag  are  ren- 
dered less  plastic  by  the  addition  of  Cu;  0.05  per  cent.  Bi  makes  Pb,  Sn,  Cu, 
etc.,  brittle. 

51.  Expansion  and  Contraction.^ — ^The  expansion  by  heat  of  alloys  as  a 
rule  differs  greatly  from  that  found  by  calculation.  In  some  cases  it  is  larger 
than  the  one  calculated;  in  others  smaller;  in  a  few  only  (Sn-Pb,  Cd-Pb,  Zn- 
Sn,  Pb-Bi)  is.it  the  same.  Wiist'  states  that  alloys  mutually  insoluble  in 
the  solid  state  show  a  shrinkage  higher  than  the  component  metals,  that  an 
alloy  of  eutectic  composition  has  the  lowest  shrinkage,  and  that  allo3rs  forming 
solid  solutions  show  a  higher  shrinkage  than  the  component  metals.  Some  of 
his  experimental  results  are  given  in  Tables  16  and  17. 


Table  16. — Analyses  of  Lead,  Tin  and  Zinc  Alloys  (Eutectiperous) 


! 

Number 

1 

Pb 

80.82 
29. 10 

1839 
80.61 

85.20 

Sn 

Zn 

Sb 

Cu 

0 

18.27 
70.01 
80.99 

V 

10 

' 

I  T 

1 
1 

12        

19.20 
14.68 

\X 

50.83 
85.40 

95.15 
14.48 

45  84 

49.04 

14.52 
4.81 

79-44 
51.22 

**f 

I  c 



*  J 

16 

%% 

1.66 
0.94 

4-35 
1.90 

00 

72 

0* 

*  Martens,  Mitt,  KgL  Tech,  Versuchsanstalt.,  1890,  viii,  59. 

Le  Chatelier,  Congrds  des  Mithodcs  d'^ssais,  Paris,  1901,  Vol.  ii,  p.  51. 
Webb,  Proc,  Engl,  Inst.  Civ,  Eng.,  1901-02,  cl,  87. 
Bengough,  J,  Inst,  Met.,  191 2,  vii,  123. 

*  Calvert,  Rep,  Brit,  Assoc,  1858,  11,  46. 

Calvert- Johnson-Lowe,  PhU,  Mag.,  i860,  xx,  230;  Chem,  News,  1861,  in,  315,  357, 371. 
Le  Chatelier,  "Contributions  k  V  Etude  des  Alliagcs,"  Paris,  1901,  p.  386, 

*  MelaUurgie,  1909,  vi,  769;  Iron  Age,  1910,  lxxxv,  790. 
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Table  17. — Results  of  Shrinkage  Tests 


Number 

Casting 

temperature, 

deg.  C. 

First  arrest, 
deg.  C. 

Second  arrest, 

(eutectic) 

deg.  C. 

Total  shrinkage, 
per  cent. 

650 
550 
550 
650 
500 

550 
500 
500 
500 
SSO 

251 

o.s6 

) 

174 
180 

239 
232 

200 

10^        ' 

0.44 

[ 

0.  so 

1     

O.S4 

I 

[1 

0.56 

0. 50 

'^ 

K 

0.46 

'j 

16 

, 

190 

374 
334 

0.49 
1.02 

0.73 

35 

3i 

379 
340 

In  all  the  cases  the  total  shrinkage  is  less  than  that  of  the  component  metals. 

Alloys  of  copper-zinc,  copper-tin  and  copper-nickel-zinc  act  differently 
from  the  above,  the  alloys  expanding  after  the  beginning  of  solidification,  the 
expaDsion  rising  to  a  maximum,  and  then  the  alloys  shrink. 


T.ABLE  iS. — Analyses  of  Copper-zinc  Alloys  (Soud  Solutions) 


Xumbcr 


I?. 
iS. 

19. 

20. 

21 

22. 

n 

24. 

25- 
26. 

27. 


Cu 


83  45 
66.60 

63.10 

63  93 
94.70 
89.65 
80.66 

61.57 
56.20 

51-40 
46. 10 


Sn 


5.08 
10.  22 
19.08 


Zn 

Ni 

16.  24 
32.90 
36.24 

35.25 

Tombac  yellow 
Tombac  yellow 
Brass 

Brass 

Bronze 

Bronze 

22. 16 

23.36 
22.30 
18.00 

16. 10 
20.40 
26.  22 
35.80 

German  silver 
German  silver 
German  silver 
German  silver 

These  alloys  show  a  greater  shrinkage  than  do  the  component  metals. 
With  white  metals  the  shrinkage  takes  place  in  two  phases,  the  transition 
from  one  to  the  other  being  abrupt.    No  expansion  is  noticed  while  freezing. 
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Table  19. — Results  op  Shrinkage  Tests 


Number 


Temperature, 
deg.  C. 


First   I  Second 
arrest,  '  arrest 
deg.  C. !  deg.  C. 


1,000  to  1,050  I      993 


17 

18 950 

19 950 

20 900  to  1,000 

21 1,050 

22 995  to  1,150 

23 900 

24 1,100 

25 1 ,065  to  1 ,090 

26 I  1,100  to  1,150 

27 I  1,170  to  1,200 


902 

880 

881 

1,035 

996 

1,020 
1,060 

1,087 
1,085 


760 

955 
1,025 

890 


Beginning 

expansion, 

deg.  C. 


1,000 
904 

935 
990. 

1,032 
980 

835 
1,068 

1,049 

1,080 

1,090 


Per  cent, 
expan- 
sion 


0.3 
0.03 

0.03 

0.033 

0.085 

o.  122 

o.oi 

0.045 
0.039 
0.027 
0.032 


Beginning 

shrinkage 

deg.  C. 


I 


973 
870 

879 

879 
786 

706 

752 
917 

924 

949 
1,010 


Per  cent 
shrinkage 


2.17 

1-97 
1.99 
1.90 
1.66 

I  44 

152 
2.025 

2.05 

2.03 

1.935 


Number 


34 
35 
36. 
37 


Table  20. — An'alyses  of  Alloys  (White  Metals) 


Sn 


19.80 
85.42 
90.  20 
70.83 


Pb 


78.89 
58.84 


9.  21 


Sb 


12.5 
21.4 

9  45 
8.  10 

15  I 


Cu 


8.45 


5  10 
I  85 
4-94 


White  metal 
Britannia  metal 
Britannia  metal 


Tablk  21. — Results  of  Siirink.vc.e  Tests 


34 

35 

36. 

37 

38. 


Number 


Casting 

temperature, 

deg.  C. 


600  to  6j;o 

600 
500  to  550 
600  to  700 
550  to  600 


First 
arrest, 
deg.  C. 


250 
263 

225 
228 

259 


Second 
arrest, 
deg.  C. 


230 
238 


187 


Beginning  of 

shrinkage, 

deg.  C. 


!   Per  cent, 
shrinkage 


266 

247 
225 

226 

228 


0.5s 

0.49 
0.51 

OSS 
0.42 


In  the  coppcr-tin-zinc-lcad  alloys  given  below,  the  last  two  correspond  t 
commercial  gun  metal.  In  these  alloys,  the  cooling  curves  show  four  arrest 
The  shrinkage  curves  show  first  an  expansion  and  then  a  contraction. 


'ALWYS 
Table  jj,— Analyses  oy  Coppeb-tin-7inc  Aliovb 


Table  13.— Results  op  SasiHEACE  Tests 


The  shrinkage  is  higher  than  that  of  the  component  metals. 

52.  Specific  Heat^ — Regnault'  found  that  the  specific  heat  of  alloys  at  tem- 
peratures considerably  removed  from  their  melting-points  (Sb-Sn,  Pi>-Sb,  Bi- 
was  exactly  the  mean  of  the  specific  heats  of  the  metals  which  compose  them. 
With  alloys,  however,  which  metl  at  or  near  100°  C.  (Pb-Sn-Bi)  the  specific 
heats  are  much  higher  than  those  calculated  from  the  constituents. 

53-  Thermal  Conductivity. — Alloys  never  conduct  heat  as  well  as  the 
component  metals.  The  researches  of  Calvert  and  Johnson^  have  shown  that 
the  thermal  conductivity  is  never  higher  than  that  calculated  from  the  conduc- 
ti\'ities  of  the  component  metals,  that  in  a  few  instances  only  (Pb-Sn,  Bi-Sn)  is 
it  the  same;  and  that  in  the  majority  of  cases  it  is  lower,  even  lower  than  that  of 
the  component  showing  the  lowest  figure. 

54.  Electric  Conductivity,'— The  electric  conductivity  of  an  alloy  is 
nearly  always  lower  than  that  of  the  constituent  metals.  Matthiesen  has  shown 
that  the  actual  conductivity  of  an  alloy  is  always  smaller  than  that  calculated 

'  Aim.  chim.  fkys,,  1841,  I,  119-107. 
•  fhU.  Mat:  "858,  XVI,  381. 

'  MBtlhicscn,  FkU.  Trans.  Roy.  Soc.,  1858,  oclviii,  383;  t86o,  CL,  161;  i86j,  CLII,   >; 
ffc.Koy.Soc.,i8stt~6o.x.3osiiB(<o-6i,ia,i»6;Pkil.Mat.,  i8j8,  xvi,  119;   t86o,  xx,  63; 
^  JUf.  Bnl.  Aiiee.,  1S63.  xxxiii,  sg. 

Lc  Ch>tdi«T,  Contribulions  i  I'Etude  dcs  AlliagM,  t^oi,  413,  441. 
Guertler,  Zl.  anorg.  Chtm.,  1906,  li,  397;  Mttallurtit,  IQ07,  tv,  115;  Zt.   EUdrochtm., 
It,  x»Tn,6oi;/. /bK.  Jfe(.,i9ii,vi.  135. 

BroDlowiki,  Rtt.  iitt.,  tgii,  Vin,  31a,  includes  bibliogmphy. 
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irt^m  the  volumes  of  the  constituents;  that  in  a  few  cases  only  (Pb-Sn, 
with  one  another)  is  it  the  same;  and  that  with  all  other  metals  it  b  less 
often  less  than  that  of  the  least  conductive  constituent.    He  also  showed 
cz/nductivity  curves  belong  to  one  of  three  types: 

The  U-shaped  type,  Fig.  42,  with  a  steep  fall  at  the  end  and  flattening  1 
the  intermediate  portion,  is  characteristic  for  solid-solution  alloys.  TUs 
to  be  expected,  as  the  properties  of  solid  solutions  vary  progressively 
interruption  from  one  end  of  a  series  to  the  other.  The  remarkable  degree  a 
which  the  conductivity  of  a  metal  is  lowered  by  the  addition  of  a  small  qott-j 
tity  of  a  second  metal  is  explained  by  Guertler^  by  the  fact  that  the  lattff] 
being  dissolved  completely  permeates  the  former. 

The  straight-line  type,  Fig.  43,  is  typical  for  allo3rs  which  are  eutectiferoai 
throughout.    The  reason  for  this  is  that  the  current  in  passing  through  the 


0  Percent  by  Volume  of  Constit.in  Alloy  100 

Fig.    44. — Electric-conductivity  curves  of 
alloys  forming  eutectics 
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Fig.  45. — Electromotive  force  of  alk^i 
forming  chemical  compounds. 


alloy,  crosses  what  may  be  considered  to  be  a  mechanical  mixture  of  the  constit- 
uents. If  the  constituents  are  partly  soluble  in  one  another,  forming  solid 
solutions  toward  the  ends  and  an  eutectic  toward  the  middle,  the  conductivity 
curve  will  be  a  combination  of  the  two  preceding  types. 

The  broken-line  type,  Fig.  45,  is  produced  with  allo3rs  forming  chemical 
compounds.  The  chemical  compound  must,  of  course,  have  a  conductivity 
different  from  that  of  the  two  branches  of  the  freezing-point  curve  of  which  it 
forms  the  maximum. 

The  effect  of  temperature  upon  electric  conductivity  has  recently  been 
studied  by  Guertler.^  The  conductivity  of  eutectic  and  solid-solution  alloys 
decreases  with  rising  temperature,  that  of  intermetallic  compounds  increases. 
The  conductivity  of  molten  alloys'  is  similar  to  that  of  solid  solutions  unless  a 
chemical  compound  is  in  the  alloy. 

55.  Electromotive   Force.* — In  a  eutectiferous  alloy,  the  electromotive 

*  Zt.  anorg.  Chem,,  1906,  Li,  397. 

*  Zt.  anorg.  Chem.f  1907,  liv,  58. 

*  MUller,  Metallurgies  19 10,  vii,  730,  735. 
Bornemann-MUlIer-Rauschenplat,  Met(Murgie,  1910,  vu,  396;    191a,    n,    473,    50S1 

Stakl.  «.  Eisen,  1910,  xxx,  15 19. 

*  Touchine,  Rev,  Mit.,  1907,  iv,  926. 
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>force  observed  is  that  of  the  more  electropositive  component  metal  which  goes 
.  Into  sdution  while  the  other  remains  inert.    With  a  solid-solution  aUpy  the  curve 
^iriU  be  a  continuous  line  differing  in  direction  from  that  of  the  component 
metals.    A  combination  of  the  two  is  shown  in  the  Pb-Sn  curve.*    With  a  chem- 
ical compound,  Fig.  45,  the  direction  of  the  curve  leading  up  to  the  chemical 
compound  will  be  suddenly  changed  when  the  chemical  compound  has  been 
inched,  and  will  point  again,  just  as  suddenly,  away  from  it,  when  an  excess 
neUl  begins  to  make  its  appearance. 

56.  Thermo-electric  Force. — This  power  is  of  interest  in  the  study  of 
tiansformations  occurring  in  allo3rs  in  the  solid  state.  It  has  been  studied 
especially  by  Stdnmann,*  Reichardt,'  Harrison,*  Belloc*  and  others. 

57.  Magnetic  Permeability. — Of  the  three  magnetic  metals,  Fe,  Ni,  Co, 
only  Fe  and  Ni  are  of  industrial  importance.  Studies  in  permeability  have  to 
do  with  the  alloys  of  these  two  metals.  This  statement  was  correct  until  1903 
when  Heussler*  prepared  alloys  of  Cu,  Mn,  and  Al  which  are  magnetic  and  have 
been  found  to  show  a  behavior  similar  to  that  of  the  ferromagnetic  alloys  of  Fe, 
Ni  and  Co.     Analyses  of  some  typical  alloys  are  given  in  Table  24. 

Table  24. — Analyses  of  Heussler  Alloys 

(Per  cent.) 


Si.. 
Pb. 
Cu. 
Mn 
AI.. 
Fc. 


0.08 

0.07 

0.02 

0. 16 

0. 17 

0.07 

0.07 

0-I3 

2.03 

3- 14 

64.49 

70.14 

75.83 

59.43 

65.22 

20.39 

18.03 

14.66 

22.60 

19.76 

13-25 

10.03 

8.64 

14.50 

II. 13 

10s 

0.99 

0-55 

1.31 

0.67 

0.05 

3.84 
73.68 

13-73 

8.33 
0.46 


The  magnetic  property  appears  to  be  connected  with  the  formation  of  the 
intermetallic  compounds  CugAl  and  MnsAl.  However,  beside  Al,  metals  like 
Sn,  Sb,  Bi,  As  and  B  have  been  found  to  form  magnetic  alloys  with  the  isomor- 
phous  metals  Cu  and  Mn. 

*  Laurie,  /.  Chem,  Soc,  (London),  1888,  liii,  104;  1889,  lv,  677;  1894,  lxv,  1030. 
'  Compi.  Rend.,  1900,  .cxxx,  1300. 

•  Ann,  Phys,,  1901,  vi,  832,  Z/.  Electrochem.,  1902,  vui,  131 
*PhU.  Mag,,  1902,  ra,  177. 

*  Compi.  Rend.,  1902,  cxxxiv,  105;  Ann.  chim.  phys.,  1903,  xxx,  42. 

•  Heussler,  Verh.  deuisch,  phys.  Ges.,  1903,  v,  219. 
StariL  and  Haupt,  ibid.,  222. 

Heussler,  Z/.  angew,  Chem.,  1904,  260. 

Hadfidd,  Rep,  Brit.  Assoc,  1904,  685;  Faraday  Soc,  April  13,  191 2. 

Flenmiiiig-Hadfield,  Proc  Roy.  Soc,  A,  1905,  lxxvi,  271;  Electrochem.  Met.  Ind.,  1905, 

m,  345. 

Hill,  Phys,  Rev.,  1905,  xxi,  335;  1906,  xxii,  498. 

Gray,  Proc,  Roy.  Soc,  A,  1906,  lxxvii,  256. 

Ross-Gray,  Zt,  anorg.  Chem.,  1909,  lxiii,  349. 

Ross,  /.  InsL  Met,,  1910,  iv,  68. 

Stevenson,  BnU.  47,  University  111.,  1910,  vra,  No.  17. 
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58.  Corrosion.' — ^The  resistance  of  alloys  to  corrosion  by  atmospheric  and 
other  agencies  in  their  industrial  use  is  of  the  greatest  practical  importance.  It 
has  been  shown  in  §24  that  impiure  metals  are,  as  a  rule,  more  easily  attacked 
by  solvents  than  piure  metals,  as  the  impurity,  the  metal  and  solvent 
may  form  a  galvanic  couple,  the  current  of  which  causes  the  more  electro- 
positive constituent  to  be  attacked.  Parts  of  a  metal  which  have  been  sub- 
jected accidentally  or  intentionally  to  thermal  or  mechanical  treatment  different 
from  that  of  the  rest  of  the  metal  may  show  a  difference  in  potential  when  con- 
nected by  a  conductor.  With  alloys,  especially  with  those  having  a  eutectic 
structure,  the  conditions  are  similar  to  those  of  impure  metals.  In  an  eutec- 
tif erous  alloy  the  constituents  in  contact  with  a  conducting  solution  may  be  easily 
corroded  in  the  order  of  their  positions  in  the  electrochemical  series.  Solid- 
solution  alloys  are  also  more  easily  corroded  than  those  forming  chemical  com- 
pounds. The  subjoined  metals  and  alloys,  e.g.,  will  be  corroded  in  the  given 
order  when  immersed  in  sea-water:*  +Zn,  Al,  Fe,  Sn,  brass  (Cu  58-64, 
Zn  42-37  per  cent.);  aluminum-bronze  (Cu  90,  Al  10  per  cent.);  iron-bearing 
aluminimi-bronze  (Cu  88,  Al  7,  Si  1.5,  Pb,  Zn,  etc.,  0.5  per  cent.);  pure 
bronze  (Cu  89,  Sn  11  per  cent.);  zincy  bronze  (Cu  88,  Sn  8,  Zn  4  per  cent.); 
copper,  copper-phosphor  bronze  (Cu  94,  Sn  6  per  cent.,  some  P).  Al  and  Fe 
show  little  difference  in  potential,  the  same  is  the  case  with  alloys  standing 
between  aluminum-bronze  and  phosphor-bronze. 


Table  25. — Heat  of  Formation  op  Some  Copper  Alloys 


Formula 


(Cu,Zn«). 
(Cu,Zn) . , 
(Cu»,Al). 
(Cu«,Al) . 
(Cu»,Al«) 
(Cu,Al) . . 
(Cu«,  Al») 
(Cu,Al«) . 


Molecular  weights 

Molecular  heat 
of  formation 

63.64-i30**i93-6 

10,143 

63.6+  65  =  128.6 

5,783 

190.8-h  27  =  127.8 

26,910 

127.24-  27  =  154.2 

21,278 

190.84-  54  =  244 -8 

17,395 

63.64-  27=  90.6 

1,887 

127.24-  81  =  208.2 

10,196 

63.64-  54  =  117.6 

-6,738 

*  Sexton,  A.  H.,  "The  Corrosion  and  Protection  of  Metals,"  Scientific  Publishing  Co., 
Manchester,  1906. 

Cushman,  A.  S.,  and  Gardner,  H.  A.,  "Corrosion  and  Preservation  of  Iroli  and  Steel," 
Authors,  Philadelphia,  1910. 

Bengough,  /.  Inst.  Met.y  1911,  v,  24. 

*  Diegel,  Vcrh.  Verein.  Befdrd.  Cewerbefl.,  1899,  lxxviii,  1899,  321. 
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Table  26.— .Heat  op  Formation  op  Some  Amalgams. 


Formula 

Molecular 
weights 

Molecular  heat 
of  formation 

In  dilute 
mercury 
solution 

2,4004-39  =  2,439 

8004-39  =    839 

1,2004-23  =  1,223 

x4-i97  =  i974-« 
«4-io8  =  io84-« 

34,600 
29,700 
21,900 

25,600 

25,600 

19,000 

2,580 

2,470 

1 

I 

1 

CHAPTER  IV 

METALLIC  COMPOUNDS 

59.  Oxides. — All  metals  can  be  made  to  enter  into  combination  withO. 
Many  oxides  are  sufficiently  stable  to  serve  as  ore-forming  minerals  and  to 
resist  high  temperatures.    All  iron  and  manganese  ores,  e.g.,  are  oxides;  other 
oxides  readily  give  up  this  O,  e.g.,  platinum  and  gold  oxides.    In  the  table  d 
heats  of  formation,  given  below,  AI2O8  is  seen  to  be  the  strongest  of  the  ordinary 
metallic  oxides,  and  AuaOa  the  weakest.    Most  of  the  lower  oxides  and  several 
sesquioxides  of  the  metals  are  basic  oxides,  i.e.,  oxides  which  react  with  addscff 
with  oxides  more  negative  than  themselves,  e.g.,  ZnO,  HgO,  AlsOa^  FeO,  Ferf)i, 
MnO,  Mn203,  NiO,  PbO,  Bi208.   Some  oxides  are  acidic  (anhydrides),  i.e.,  oxides 
which  react  with  water  to  produce  acids,  or  are  formed  by  removing  water  from 
acids,  or  react  with  oxides  more  positive  than  themselves  to  form  salts,  e.;., 
AS2OS,  AS2O6,  Sb20s,  Sb206,  WOs.    A  few  metals  form  important  peroxic'.es,  i.f., 
oxides  which  react  with  acids  to  form  salts  which  correspond  with  oxides  con- 
taining less  O  than  the  peroxides,  e.g.,  Pb02,  MnOj,  CrOa,  CaOt.    Some  metals 
give  rise  to  the  formation  of  neutral  or  indifferent  oxides,  i.e.,  oxides  which  do 
not  form  acids  with  water,  which  are  not  obtained  by  removing  water  from 
acids,  and  which  do  not  form  salts  by  reacting  with  either  basic  or  acidic 
oxides,  or  with  acids,  e.g.,  Fead,  PbOj,  Mn804. 

All  metallic  oxides  are  solids;  most  of  them  show  no  luster;  their  colors  differ 
from  those  of  the  metals  from  which  they  are  prepared,  and  their  specific  gravity 
is  lower.  They  are  non-conductors  of  electricity^  at  ordinary  temperature,  but 
their  resistance  decreases  as  the  temperature  rises  so  that  at  1,100**  C.  many  may 
be  classed  as  good  conductors.    Table  27  gives  the  data  of  Saklatwalla.^ 

Somerville*  investigated  the  resistances  of  powdery  ZnO,  FejOa,  CuO,  CusO, 
MgO,  Mn02  and  AUOa  up  to  1,100°  C.  and  found  them  to  be  very  low  when 
this  temperature  had  been  reached. 

The  oxides  are  insoluble  in  water.  When  heated,  some  are  readily  vola- 
tilized (AS2O8,  Sb203);  others  fuse  at  low  temperatures  (CutO,  PbO,  BisOi); 
others  are  infusible  in  ordinary  furnaces  (ZnO,  Sn02,  FeaOj,  AI2O3)  and  can  be 
liquefied  only  at  the  temperature  of  the  electric  arc,*  e.g.,  FeO  1,419,  FeiOi  1,538 
Fe203,  1,548,  CaO  1,995,  AI2O3  2,020,  Cr20s  2,059,  UO2  2,176°  C. 

Many  oxides  are  decomposed  when  they  are  heated,  e.g.,  MnOs  loses  part  of 
Its  O;  AU2O3,  Ag20,  PtO,  HgO  all  of  it.  Others  take  up  O,  e.g.,  CuiO+0= 
2CuO;  2Fe304+0  =  3Fe208;  PbO+0  =  Pb02.    Some  metals  become  oxidized 

*  Koenigsberger-Rcichenhcim,  Phys,  Zl.,  1906,  vii,  570;  EUctrician,  1906,  LVni,  100. 

*  Zt,  Electrocltem,,  1907,  xiii,  589. 

*  Met,  Chem,  Eng.y  191 2,  x,  422. 

*  Ruff,  Zt,  angew.  Chem.,  191 1,  xxiv,  1134. 
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at  ordinary  temperature  when  exposed  for  some  time  to  air,  especially  in  the 
presence  of  moisture,  e.g.,  Fe,  Cu,  Pb,  Zn,  Mn,  As.* 


Table 

27. — Electric  Resistance 

OF  Some 

\  Metaluc  Oxides 
s 

Resistance  ohm 

'Tempe- 
rature, 
deg.  C. 

Cr,0, 

Fe,04 

SnOs 

NiO 

CaO 

AliO, 

SiO, 

MgO 

ZrO 

At  room  temperature  over  50,000 

400 

6,000 
2,450 
1,250 
1,000 
850 

1,175 
1,010 

950 
690 
668 
520 

395 
345 
335 
330 

",750 
4,300 
2,450 
1,450 
1,200 

845 
710 

510 

357 
290 

210 

162 

127 

"7 
105 

900 
400 

235 

125 

68 

56 
47 
42 
37 

Z^ 
28 

255 
24.0 

23.0 

22.25 

3,000 

1,150 

490 

400 

330 
240 

195 
121 

220 

280 

190 

81 

"5 
93 

45 

•450 

500 

550 

600 

650 

700 

750 

800 

850 

• 

• 

900 

950 

1,000 

1,050 

1,100 

******* 

Gas-blow- 

550 

650 

590 

600 

580 

pipe 

Oxides  are  prepared  (i)  From  metals  and  metallic  compounds  in  the  dty 
way  by  heating  with  access  of  air  (3Fe+20j  =  Fes04;  4FeS+702=2Fei08+ 
4SOs);  metals  like  Ag,  Au,  Pt,  Ir  remain  unchanged.  (2)  From  carbonates 
and  most  sulphates  by  simple  calcining  (MCOi— MO+COs,  MS04»M0+ 
SO»).  (3)  Fusion  with  oxidizing  fluxes  (PbO,  KsCOs,  NaHS04)  or  simply 
with  access  of  air  (Pb+0=PbO)  causes  the  formation  of  oxides.  (4)  Heating 
in  steam  converts  many  metals  into  oxides;  thus,  metals  having  a  strong  affinity 
for  O  (Al,  Mn,  Zn,  Fe,  Cd,  Ni)  are  oxidized  at  a  red  heat,  and  others  with 
less  affinity  (Sb,  W,  Mo)  require  a  temperature  above  a  red  heat,  while  metals 
like  Pb,  Bi,  Cu  are  hardly  attacked,  and  precious  metals  not  at  all. 

In  the  wet  way  an  oxide  is  formed  by  dissolving  a  metal  in  an  oxygen-acid 
or  by  making  it  the  positive  pole  of  an  electrolytic  cell. 

The  decomposition  of  metallic  oxides  by  heat  alone  is  applicable  to  precious 
sietais  only.    The  ordinary  mode  of  procedure  in  the  dry  way  is  to  heat  with 

*  Jordi»-Rosenhaupt,Z/.  angew.  Chem.,  1908,  xxi,  50. 
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reducing  agents*  (C,  CO,  H,  C,H„,  C  N),  certain  metals  with  P,  Si,  S  or  some 
metallic  P-ides,  Si-ides  and  S-ides. 

In  the  wei  way  oxides  are  decomposed  by  being  precipitated  from  their 
solutions  by  means  of  compounds  which  are  readily  peroxidized  (FeSOii 
SnCls,  AssOi,  SOs,  C2O1),  by  metals  which  are  more  electropositive,  and  by 
electrodeposition. 

Electric  and  electrolytic  smelting  processes  are  employed  in  making  spedil 
steels  and  in  the  reduction  of  alumina. 


Table  28. — Heat  op  Formation  op  Oxides 


Formula 


Molecular  weights 


(Mg,0). 

(Ba,0).. 

(Ca,0).. 

(Sr,0)... 

(Al«,0»). 

(TiO»).. 

(Na«,0). 

(KSO).. 

(Si,0«)  . 

(Mn,0). 

(B«,0»).. 

(Zn,0).. 

(Mn>,0*) 

(PSO»). . 

(Sn,0)... 

(Sn,0«).. 

(CO.O).. 

(H«,0).. 

(Fe»,0*). 

(Cd,0).. 

(Fc,0)... 

(Fe«,0«). 

(Co,0).. 

(Mn,0»). 

(Ni,0)... 

(SbSO»). 


24+16=  40 
137+16-153 
40+16=  56 
87  +  16  =  103 
54+48  =  102 

48+32=  80 
46+16=  62 

78+16=  94 

28+32=  60 

55+16=  71 

22+48=  70 

65  +  16=  81 

165+64  =  229 

62+80=142 

118+16  =  134 

118+32  =  150 

28+16=  44 

2+16=  18 

168+64  =  232 

112+16  =  128 
56+16=  72 

112+48  =  160 

59+16=  75 

55+32=  87 

58.5  +  16=  74. 5 

240+48  =  288 


Molecular  heat 
of  formation 


143^00 

133.400 

131,500 

131,200 

392,600 

218,500* 

100,900 

98,200 
180,000 

90,900 
272,600 

84,800 
328,000 
365,300 

70,700 
141,300 

68,040> 

70,400  (solid) 

69,000  (liquid) 

58,060  (gas) 
270,800 

66,300 

65,700 
195,600 

64,100 
"5,300 

61,500 
166,900 


In  dilute 
solution 


148,800 
161,500 
149,600 
158,400 


155,900 
165,200 


279,900 


73,940 


*  Fay-Seekcr-Lanc-Fergusion,  PolyUch.  Engineer  (Brooklyn),  1910,  x,  72;  Eng.  Min.  J., 
1911,  xci,  406;  7.  Soc.  Chem.  Ind,,  1910,  xxrx,  877. 

Greenwood,  Sladc,  and  Spring,  Tr,  Brit.  Chem,  Soc,  1908,  xciii,  327,  1484,  14969  aioi; 
Electrochtm,  Met,  Ind.,  1909,  vii,  119. 

*  Mei.  Chem,  Eng.^  1912,  x,  255. 

"Heat  of  combustion  of  i  cbm  00=3062  Cal.;  of  i  cbm  11  =  2613  Cal. 
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Table  38. — Heat  of  Fosuation  of  QxmEs — Continued 


Formula 

Molecular  weights 

Molecular  heat 
of  formation 

In  dflute 
solution 

(As«  0») 

150+48  =  198 

207+16  —  223 

12+32-  44 

416+48=464 

240+80—320 

150+80-230 

127.2  +  16  =  143.2 

408+16-424 
63.6+16—  79.6 
137+32  =  169 

32+32-  64 
207+32-239 

32+48-  80 
408+48-456 

12  +  16-  28 
400+16—416 
200+16  —  216 

125.5+32  =  157-5 
106+16  — 122 

195+16  =  211 

216+16  —  232 

394+48-442 

156,400 

50,800 

97,200  (gas) 
139,200 
231,200 
219,400 

43.800 

42,800 

37,700 
145,500 

69,260  (gas) 

63,400 

91,900 

87,600 

29,160  (gas) 

22,200 

21,500 

148,900 

(Pb.O) 

\*  *',^^/  ••••• 

(C.0«) 

103,100 

(Bi*0*) 

\*^"  ,^^  / I 

(Sb«0») 

(As*0») 

22^,400 

(Cu«0) 

—  —  »/f-T~~ 

\^^**  i^^f 

(T1«0) 

39,700 

\  •  •  1^^  / ' ' 

(Cu.O) 

(Ba,0«) 

(S.0>) 

77,600 

\^^t^^  /  .......... 

(Pb.O*) 

\*  •'j^^  /••• 

(S.0») 

141,000 

(T1«0») 

•■t*  ,^'^'^' 

\  *  •  t^^  1 

(CO) 

\^^,^^/ • 

(Hg*0) 

\"*0   ir^l 

(Hff.O) 

(TcO«) 

78,300 

\ * ^t'^  /..... 

(Pd,0) 

21,000 
17,000  (?) 
7,000 
-11,500 

\*  **,^'/ 

(Pt.O) 

\*   •',^^/ 

(A««0) 

(Au«0«) 

\*  •*"  y^^  1 

Table  29. — Heat  of  Formation  of  Hydsoxides 


Formula 


Molecular  weights 


Molecular  heat 
of  formation 


(U,OJH)... 

(Mg.O«,H«) 
(Sr,0«.H«).. 
(Ca,0«,H«). 

(KAH)... 
(Na,O.H).. 
(\,H»,0)... 
(.\I.O«,H>).. 


(HAH) 


7  +  16+ 
24+32  + 

87+32  + 
40+32+ 
39+16+ 
23  +  16  + 
14+  5+16 
27+48+  3 


2  — 
2  — 
2  — 
I  — 
I  — 


24 

58 

121 

74 
56 
40 

35 
78 


(TIAH).. 
(Bi.O»,H»). 
(Zn,0«,H«) 
(Te,0«,H«) 
(Te,0»,H») 
(Se.O«,H»). 
(Se,0»,H»). 
(T1.0«,H»). 


1  +  16+  I-  18 

204  +  16+    I«22I 

208+48+  3  =  259 
65+32+   2=   99 

127+32+  2  =  161 

127+48+  3  =  178 
79+32+  2  =  113 
79+48+  3  =  130 

204+48+  3  =  255 


112,300 
217,800 
217,300 
215,600 
104,600 
102,700 

88,800 

301,300 
70,400  (solid) 
69,000  (liquid) 
58,060  (gas) 
57.400 

171,700 

83.500 
78,300 

52,400 

43.800 


In  dUute 
solution 


118,100 


227,400 
219,500 
117,100 
112,500 
90,000 


54.300 


99.500 
51,500 
79.300 
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60.  Sulphides. — Metallic  sulphides  occur  frequently  native  and  are  fonned 
in  many  metallurgical  processes.  Sulphides  of  all  the  metals  are  known.  The 
affinity  of  the  different  metals  for  S  at  ordinary  temperatures  is  indicated  by 
their  heats  of  formation,  Table  30.  These  are  generally  lower  than  those  oi 
the  corresponding  oxides.  The  affinity  for  S  at  ordinary  temperature  differs 
often  from  that  in  the  fused  state.  Fournet^  placed  the  leading  metals  accord- 
ing to  their  behavior  in  smelting  in  the  following  order: 

Cu,  Fe  (Co,  Ni),  Sn,  Zn,  Pb,  Ag  (Hg,  Au),  As,  Sb,  in  which  Cu  has  the 
greatest  and  Sb  the  smallest  affinity  for  S. 

Schiitz^  has  reinvestigated  the  affinity  of  S  for  the  leading  metals  and  placed 
the  latter  in  the  following  order: 

Mn,  Cu,  Ni,  Fe,  Sn,  Zn  and  Pb. 

The  experiments  of  Schiitz  show  that  the  reaction  MS+Ni=^M+NS  is 
reversible.*  This  has  been  shown  in  a  striking  manner  by  Bayko£F  and  Troutncff* 
in  connection  with  CU2S+ Fei=>Cu2+FeS.  Thus  Gibb  and  Philp*  in  fusing  CutS 
with  an  excess  of  Fe  obtained  a  button  of  Cu  and  a  matte  with  Cu  60.6,  Fe  17.8, 
S  21.6  per  cent.,  the  reaction  taking  place  being  CuaS+Fe— Cu2+FeS;whik 
Baykoff  and  Troutneff  in  fusing  FeS  with  an  excess  of  Cu  obtained  a  button 
(Cu  94.99,  Fe  5.32,  S  n.d.)  and  a  matte  with  Cu  60.7,  Fe  17.6,  S  21.6  per  cent, 
the  reaction  taking  place  being  FeS+Cu2— CuiS+Fe.  The  compositions  of 
the  two  mattes  are  identical.  It  appears  therefore  that  the  direction  which  a 
reversible  reaction  between  two  neighboring  metals  will  take  is  governed  by 
the  preponderance  of  one  over  the  other.  The  existence  of  the  reactions 
3CujS+Fe=(Cu2S)2.FeS+2Cu  and  4Cu+3FeS  =  (Cu2S)2.FeS+Fe  has  been 
proved  by  Juschkewitsch.* 

Sulphides  are  classed  in  a  manner  similar  to  oxides  as  basic,  acidic,  per-,  and 
indifferent.  Basic  sulphides,  commonly  monosulphides  (CuS,  FeS,  ZnS,  PbS, 
AgsS,  HgS),  when  treated  with  an  acid  give  a  salt  and  H2S.  Acidic  sulphides 
(AssSi,  Sb2S8,  Bi2S3)  give  in  combination  with  basic  sulphides,  double  sulphides 
(Cu2S.Fe2S8;  4PbS.As2S3;  Ag2S.Sb2S8;  3Cu2S.4Bi2S8).  In  these  the  sulphide  of 
the  metal  which  is  more  electropositive  is  the  basic  radicle;  that  which  is  more 
negative  the  acidic.  As  to  the  constitution  of  artificial  multiple  sulphides 
(matte,  §  343),  it  is  known  that  they  are  not  homogeneous,  but  are  composed 
of  distinct  nuneral  entities.  Persulphides  (FeS2,  MnS2,  CaSs)  are  sulphides 
which  contain  more  S  than  either  basic  or  acidic  sulphides.  Indifferent  sul- 
phides (Cr8S4)  are  those  which  do  not  react  as  a  basic  or  acidic  sulphide,  and 
which  from  their  composition  cannot  be  persulphides. 

Metallic  sulphides  are  solids;  have  different  kinds  of  luster;  show  a  consider- 
able variety  in  color;  have  a  specific  gravity  lower  than  the  component  metal; 

*  Ann,  Min.t  1833,  iv,  3,  225. 

*  MelaUurgie^  1907,  iv,  659,  694. 

*  R6ntgen,  Melallurgie,  1906,  in,  486. 

*  Rev.  Mit,,  1909,  VI,  536. 

*  Tr.  A,  /.  M.  E,,  1906,  XXXVI,  609. 

*  Metallurgie,  191 2,  x,  543. 


are  as  a  rule  brittle  and  more  readily  fusible  than  the  corresponding  ojtidesjj 
some  are  volatile  at  a  low  temperature  (AsjSj,  SbjSa,  HgS,  CdS),  but  most  o(fl 
them  are  stable  at  elevated  temperatures  and  good  conductors  of  electricity;^  1 
practically  all  are  insoluble  in  HjO. 

Sulphur  and  the  metals  do  not  unite  in  the  cold;  in  a  few  instances  the  two.4 
have  been  made  to  combine  in  a  finely- diWded  intimate  mixture  by  subjecting  I 
them  to  a  high  pressure  (Spring). 

Metallic  sulphides  are  formed  in  the  dry  way: 

(i)  By  heating  metal  with  S.  The  union  is  accompanied  by  the  evolution  1 
of  heat  and  often  of  light  (Cu,  Fe,  Pb,  Sn  .  .  .  ) ;  some  metals  (Zn,  Al)  do  not  \ 
combine  readily  with  S;  Au  alone  remains  unchanged. 

(a)  By  heating  metallic  oxide  with  S,  when  part  of  the  S  passes  off  aa 
SO,,  tfius:  aHgO+3S  =  2HgS+SO„  or  6CuO+4FeS  =  3CutS+4FeO+SO,. 
With  oxides  difficult  of  reduction  (MnOj),  oxysulphides  are  often  formed. 

(3)  By  heating  metallicsulphates  with  reducing agents:PbS04-|-4C  =  PbS-|- 
4CO.  With  metallic  sulphates  which  are  decomposed  by  heat  into  metallic 
oxide  and  SOj  before  the  C  begins  to  act,  there  may  result  metallic  o.xide  (or 
metal),  SO,  and  CO,,  e.g.,  zZnSO,+C=2ZnO+aSO=-f  CO,. 

(4)  By  heating  a  metal  or  metallic  oxide  in  a  stream  of  CSj  :  4Cu+CSj  = 
»CujS4-C;  2FeO+CS,=  2FeS+CO,. 

(s)  By  the  action  of  HjS  upon  a  metal  or  metallic  oxide  in  the  cold;  Cus+^ 
H,S  =  Cu,S+H,;  AgiO+H2S  =  AgaS+HsO. 

(6)  By  the  action  of  an  alkaline  sulphide  upon  a  metallic  oxide:  CujO-)-J 
K,S  =  Cu,S+K,0. 

In  the  wet  way  metallic  sulphides  are  formed: 

(i)  By  precipitating  dissolved  or  suspended  oxide  with  HiS:  CuSOj+HiS™  1 
CuS-t-HjS0»,  or  with  alkaline  sulphides:  FeS04+NajS  =  FeS+NaiS0|. 

(i)  By  the  reduction  of  sulphates  with  organic  substances. 

Metallic  sulphides  are  decomposed: 

(i)  By  heat  alone.  Thus  AugSi  and  PtS  give  up  all  their  S;  persulphides'j 
(FcSj,  MnSj)  and  disulphides  (CuS,  SnSj)  lose  part  of  their  S  being  converted  j 
into  basic  sulphides. 

(2)  By  heating  in  a  current  of  H;  this  applies  especially  to  Ag,  Bi,  Sn,  Sb:  J 
Ag,S+jH  =  Ag,+HiS. 

(3)  By  heating  with  a  metal  or  other  element  that  has  a  stronger  affinity  for 
S  (Foum«  series),  HgS+Fe^Hg+FcS;  3MoS,+4Al  =  3Mo+3Al,Si;  MoS, 
+Si-Mo+SiS,. 

(4)  By  heating  with  access  o(  air  (see  Oxidizing  Roasting,  6173,  Oxidizing 
Fusion,  Sjis,  and  Converting,  §234), 

(5)  By  heating  with  metallic  oxides  or  salts.  PbS+2rbO  =  Pb,+  2SO,; 
Cu,S+aCu,0  =  CU(+SO,;  PbSO*4-PbS  =  Ph,+  2SO,;  FeS+3oPbO  =  FejOt, 
Pb,  PbO,  SO,;  CuS+2S  PbO  =  Cu,0,  Pb,  SO,. 

'  Hiltori.  Ann.  Pkys.,  il 
Guincbaut,  Compl.  Rend.,  1903,  cxxxiv,  134;  Zt.  EUclrochcm.  igoi,  v 
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(6)  By  heating  to  a  high  temperature  (1500°  C.)  with  CaO  and  C  when  the 
reaction  MS2+2CaO+  2C  =  M2+  2CaS+2CO  may  take  place.* 

(7)  By  heating  in  a  current  of  steam'  (oxidizing  roasting,  §173)  AgtS+ 
H20  =  Ag20+H2S;  3Ag2S+  2H20=  6Ag+2H2S+S02;  CaS+4H2O  =  CaS04+ 
8H;  3FeS+4H20  =  Fe804+3H2S+H2. 

(8)  By  heating  with  alkali  or  alkaline  earths;  the  decomposition  is  effected 
only  in  part,  the  alkali  or  alkaline  earth  being  more  or  less  converted  into  sul- 
phide and  sulphate:  7PbS+4K20  =  4Pb+3K2PbS2+K2S04  and  3K2PbSi+ 
3Fe=3Pb+3K2FeS2;  4HgS+  4CaO=4Hg+3CaS+CaS04. 

(9)  By  heating  in  a  current  of  CI,  when  metallic  chloride  and  SCI2  are 
formed  (see  Formation  of  Chlorides,  §68). 

(10)  Heating  with  C,  CO,  CxHy  has  next  to  no  decomposing  effect. 

(11)  In  the  wet  way  metallic  sulphides  are  decomposed  by  treatment  with 
acids  (HNOs,  H2SO4,  aq.  reg.)  and  solutions  of  nitrates,  sulphates  and  chlorides.' 
Schilrmann^  placed  the  following  sixteen  metallic  sulphides  in  the  order  Pd,  Hg, 
Ag,  Cu,  Bi,  Cd,  Sb,  Sn,  Pb,  Zn,  Ni,  Co,  Fe,  As,  Tl,  Mn  as  regards  the  rate  at 
which  they  are  decomposed  by  the  nitrates,  sulphates  and  chlorides  of  the  other 
metals.  PdS  is  not  decomposed  by  the  salts  of  any  of  the  other  metals,  while 
PdCU  converts  the  sulphides  of  the  other  metals  into  chlorides.  The  reverse  is 
the  case  with  MnS  which  is  decomposed  by  the  salts  of  the  other  metals,  while 
MnS04  has  no  decomposing  effect  whatever. 

(12)  Electrolytic  decomposition  in  the  dry  (AI2S3,  CU2S)  and  the  wet  (Sie- 
mens-Halske,  Hoepfner)  way  has  been  tried,  but  has  not  developed  into  a 
successful  method. 

Table  30. — Heat  of  Formation  of  SuLPHroES 


Formula 


(Li«,S)... 

(K«,S)... 

(Ba,S)... 

(Sr.S)... 

(Ca.S)... 

(Na»,S).. 

(Mg,S). . 

(K,S«)... 

(Na,S») . 

(Mn,S).. 

(Zn,S)... 

(A1«,S').. 

(N,H',S) 

(Cd,S)... 


Molecular  weights 

Molecular  heat 
of  formation 

In  dilute 
solution 

14+32=  46 
78+32  =  110 

137+32  =  169 
87+32  =  119 

40+32=  72 
46+32=  78 
24+32=  56 
39+64  =  103 

23+64=  87 
55+32=  87 
65+32=  97 
54+96  =  150 

14+5+32=  SI 
112+32  =  144 

IIC^OO 

103,500 
102,900 
99,300 
94,300 
89,300 
79,400 
59,300 
49,500 
45, 600 
43,000 
126  400 
40,000 
34400 

"3»Soo 
109,800 
106,700 
100,600 
104,300 

59,700 
54400 

36,700 

*  Lchmer,  Metallurgies  1906,  in,  550,  596. 

*  Gautier,  BuU,  Soc.  chim.^  1906,  xxxv,  934. 

*  Cammcrer,  Action  of  FeClj.,Bcrf .  Hiittcnm,  Z.,  1891,  l,  201,  261,  282. 

*  Thesis,  Tubingen,  1888. 


Table  30. — Heat  or  Formation  or  Sulphides — (Canlinttef) 


(B'.S").. 
<F.,S)... 
(Co,S)... 

m",s)... 

(Pb«... 
(SIS').... 
(NUS).... 
(SWOT.. 

(ma... 

(CuSJ... 
(H-^)... 
CWiS)... 
(COT-... 

aa 


Molecular  wdghts 


S6+3J-  88 
50+31=   9t 

30^+31  =  236 
117. 1+31-159-1 

28+64=  81 
S8.s+3»=  90. 5 
340+96-336 
300+31  =  133 
63.6+31'  95  6 
»+3*=  34 
316+3  J -14S 
11+64-   76 

IJ7+3I  =  tSg 


75800 
14,000 


I9,joo 
34,400 


- 15.400  tgofl) 
-19,000  (liquid) 


^ 


61.  Selenides. — Selenium  is  found  in  combination  with  Pb,  Bi,  Cu,  Co,  Ag 
and  Hg,  but  selenides  occur  sparingly  in  nature.*  However,  Se  can  be  made  to 
combine  with  most  metals.  The  heats  of  formation  are  slightly  lower  than  those 
of  the  sulphides.  Selenides  are  classed  as  basic  and  acidic  as  are  the  corre- 
sponding sulphides.  Metallic  selenides  are  all  solid;  have  a  sub-metallic  luster 
when  crystallized,  and  are  dark-colored;  they  are  readily  fusible  and  the  greater 
number  of  those  examined  is  easily  volatilized;  all  are  insoluble  in  water  and 
many  insoluble  in  dilute  acids. 

Metallic  selenides  are  prepared  in  the  dry  way  as  follows: 

(1)  By  heating  with  Se  or  in  Se  vapor;  the  combination  is  often  attended  by 
the  development  of  light  {Mn,Ni,Co). 

(j)  By  reducing  selenites  or  selenates  with  C,  H  or  Al. 

In  the  wel  way  ihey  arc- prepared  by  the  action  of  HjSe  or  an  alkali  sclenicle 
upon  the  salts  of  metals. 

Metallic  selenides  are  decomposed  to  a  small  extent  by  heating  in  a  current 
of  H;  this  is  especially  the  case  with  Sn,  Cu  and  Ag;  acidic  are  converted  into 
basic  selenides  (CrSe)  =  CrSe-|-Scj;  SnSej  =  SnSe-|-Se).  Heating  with  a  metal 
that  has  a  stronger  affinity  for  Se  causes  decomposition  as  does  heating  with 
access  of  air  (see  Oxidizing  Roasting,  £173).  Heating  in  CI  gives  SeCU  and 
metallic  chloride,  and  in  HCI  yields  HiSe  and  metallic  chloride.  The  consti- 
tutions of  Cu  — CuiSe,  Ag— AgjSe,  and  Pb  — PbSe  have  been  investigated  by 


'Molecular  heat  ot  combustion  of  H|S  — 111,510  Cal.,  and  heat  of  combusilon  of  icbm. 
Rfi-SS'3  Cat 

■Meri,  Otit.Zl.  Be'i-  llul(enM<.,i<)cn,  111,59,  71,  86,  gg;  Mrtallurt't.  1904, 1. 14?,  163, 1B5. 
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Friedrich  and  Leroux,^  that  of  Sb— Se  by  Pflabon,*  and  that  of  Sn— Se  by 
Biltz  and  Mecklenburg.' 

Table  31. — Heat  of  Formation  op  Selenides 


Formula 

Molecular  weights 

Molecular  heat 
of  formation 

In  dilute 
solution 

(Li«Se) 

14+79=  93 
78+79  =  157 
137+79  =  216 
87+79  =  166 
46+79  =  125 
40+79  =  119 

65+79  =  144 
112+79  =  191 

55+79  =  134 

14+5+79=  98 
63.6+79  =  142.6 

207+79  =  286 

56+79  =  135 

58.5+79  =  137.5 
59+79  =  138 

408+79=487 
127.2+79  =  206.2 

200+79  =  279 

216+79  =  295 

2  +  79=  81 

14+79=  93 

83,000 

79,600 

69,900 

67,600 

60,900 

58,000 

30,300 

23,700 

22,440 

17,800 

17,300 

17,000 

15,200 

14,700 

13,900 

13,400 

8,000 

6,300 

2,000 

-25,100  (gas) 

-42,300 

03,700 

\     ,^^/  •••••••••••••••••• 

(K«Se) 

87,000 

(Ba.Se) 

**  /  ,3^^"^' 

(Sr.Se) 

X^'",*'^/  ••••••■•••••••••••• 

(Na'.Se) 

78,600 

\  * *"  I*'  / ................. 

(Ca.Se) 

1  —,—  —'■— 

(Zn.Se) 

(Cd.Se) 

(Mn.Sc) 

(N.H»Sc) 

12,800 

\*' ,**  ,*'*'/ ••• • 

(Cu.Se) 

(Pb.Se) 

• 

\*    »^>v»*./ 

(Fe.Se) 

V*  *»>»^*»/ 

(Ni.Se) 

(Co.Se) 

(TP.Se) 

\  *  *  ,*'*'/ 

(Cu*  Se^ 

(Hff.Sc) 

(Ag'Se) 

(H*  Se) 

—  15,800 

\**  j^***/ 

(N.Se) 

\*^  i'^^f 

62.  Tellurides.^ — Tellurium  is  found  in  combination  with  the  same  metals  as 
Se,  but  tellurides*  occur  more  frequently  than  selenides;  they  form  important 
gold  ores.  Te  unites  with  metals  in  a  manner  similar  to  that  of  Se.  The  consti- 
tutions of  Te-Pb  andof  Te-Sb  alloys  have  been  studied  by  Fay-Gillson*  and  Fay- 
Ashley;  that  of  Te-Bi  by  Monkemeyer;^  of  Te-Au  by  Rose*  and  Caste;*  of 
Te-Ag  and  Au  by  Pellini-Quercigh;*°of  Te-Snby  Batz-Mecklenburg;"of  Te-Cd 

1  Metallurgies  1908,  v,  355. 

^Compt.  Rend.f  191 1,  cliii,  343. 

*ZL  anorg,  Chem,,  1909,  lxiv,  226. 

<  Tibbals,  Jr.,  C.  A.,  "A  Study  of  Tellurides,"  BuU,  274,  Univ.  of  Wise,  1910. 

•  Kemp,  Min,  Ind,,  1897,  vi,  295. 
Sharwood,  Min.  Sc.  Press,  1907,  xciv,  731. 
Lehner,  Econ,  GeoL,  1 909,  vi,  544. 

•  Trans,  A,  I,  M,  £.,  1901,  xxxi,  527,  544. 
^  ZL  anorg.  Chem.,  1905,  xlvi,  415. 

•  Tr.  Inst.  Min.  Met.,  1907-08,  xvii,  285. 
^Compt.  Rend.,  191 1,  clii,  859. 

"  J.  Inst.  Met.,  1911,  V,  317. 

Zt.  anorg.  Chem.,  1909,  uciv,  226. 
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by  Kobayashe;*  of  Te-S  by  Chikashige,*  and  of  Te-Zn  by  Kobayashe.' 
Metallic  tellurides  are  all  solid,  they  have  a  metallic  luster,  show  various 
colors,  are  readily  fusible,  some  are  volatile;  all  are  insoluble  in  HsO;  some 
«re  insoluble  in  dilute  acids,  and  all  are  decomposed  by  HNOs,  aq.  reg.,  and 

Br-water. 

Metallic  tellurides  are  prepared  in  the  same  way  as  are  the  selenides.    They 

are  partly  decomposed  by  heat  alone  (Au,  Hg)  or  by  heating  in  a  current  of  H 

(Ag,  Au,  Cu,  Zn),  also  by  heating  with  access  of  air  (see  Oxidizing  Roasting, 

ii74). 


Table 

32. — Heat  of  Formation  of  Tellurtoes 

Formula 

Molecular  weights 

• 

Molecular  heat 
of  formation 

In  dilute 
solution 

(Zn,Tc) 

65+126-"  191 

112+126  —  138 

59+126-185 

56+126  —  182 

58.5+126-184.5 
408+126  =  534 

127. 2+126-253. 2 

207+126-333 

2+126  — 128 

31,000 
16,600 
13,000 
12,000 
iz,6oo 
10,600 

8,200 

6,200 
-34,900  (gas) 

(CATc) 

(Co,Te) 

(Fe,Tc) 

(Ni,Tc) 

(Tn,Te) 

(Cu'Te) 

*  ~  1* **/••••••  **  •*  *•  ••  ••  • 

(Pb,Tc) 

(H»,Te) 

63.  Nitrides. — Metallic  nitrides  (RN,  RjN,  RsNjR  =  monovalent  metal) 
are  of  very  little  importance.  They  do  not  occur  native,  but  may  be  prepared 
by  heating  a  metal  in  a  current  of  N  (Ti)  or  NHs;^  a  metallic  oxide  (HgO,  CuO, 
TlOa,  NbjOft)  or  chloride  (FeClj,  CrCls,  MoCU,  TaCU)  in  a  current  of  NHs;  or 
an  amide  (3  Zn(NH2)j=Zn8N2+4NH8).  Most  nitrides  have  a  metallic  aspect; 
some  axe  decomposed  by  heat,  others  withstand  very  high  temperatures.  Up 
to  this  year  the  only  nitride  of  metallurgical  importance  has  been  the  refrac- 
tory, bright-red  crystalline  cyanonitride  of  titanium  (Ti5CN4)  sometimes 
formed  in  the  iron  blast-furnace;  the  newcomer  AIN^  has  a  great  future.  For 
CaaNs  consult  Bredig-Fraenkel-Wilke*  and  Beck.'' 


1  Op.  cU.,  I9IO,  LXDC,  I. 

*0p.  cU.,  191Z,  Lxxn,  109. 
'/.  Insl,  Met.,  1911,  VI,  336. 

*  Fe,  Co,  Ni,  Cu,  Zn,  (BeiUey-Henderson,  Tr,  Chem,  Soc,  1901,  uococ,  1245);  Zn,  Fe,  Al, 
(White-Kirschbaum,  /.  Am.  Chem.  Soc,  1906,  xxviii,  1343);  Cr,  Mo,  W,  Ti,  Sn,  Pb,  Zn, 
Cd,  AJ,  Pd,  (Hcnderson-Galletly,  J.  Soc.  Chem.  Ind.,  1908,  xxvn,  387). 

'  Seq>ek  process:  Richards,  Mei.  Chem.  Eng.^  1913,  x,  113;  Tucker,  ibid.,  119. 

*  Z/.  Eiedrockem.,  1907,  xm,  69,  605. 
'  iietcUurgie,  1908,  v,  504. 
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Table  33. — Heat  of  FoRMAnoir  or  Niieides 


• 

Formula 

Molecular  weights 

Molecular  heat 
of  formatioii 

In  dilate 
idutioii 

(H>N) 

3  +  14-  17 

411+28-439 

21  +  14-  35 
39+3  +  M-   56  . 

•    ■ 

12,200  (gas) 
16,600  Oiquid) 
149.400 
49,500 
30,700 

21  000 

\**  i*i/«».»«..»»»  ••  ••  .•  ••  • 
(Ba>N«) 

(Li»N) 

1 

>**■  t  ^* 

(K.H»N) 

64.  Hydrides. — Metallic   hydrides^  do  not  occur  native  and  are  of  littk 
importance.    H  can  be  made  to  unite  with  a  few  metals  in  the  dry  and  in  the 
wet  way;  it  forms  a  true  chemical  compound,  or  is  simply  absorbed  by  the 
metal;  Pd,  e.g.,  absorbs  H  at  atmospheric  pressure  up  to  115®  C.  and  forms  the 
compound  Pd2H;  above  115^  no  more  H  is  taken  up.    PdsH  is  also  formed  if 
acidulated  water  is  electrolyzed  with  Pd  serving  as  negative  pole.    Pd,  Pt*,  Rh, 
Ru,  Ir,  Os,  Fe,  Ni,  Co,  Cu,  Au,  Ta  and  some  other  metals  absorb  considerable 
amounts  of  H  under  similar  conditions;  Ag,  Pb,  Hg,  Mo,  Cr,  Zn,  Bi,  W,  Vt, 
Al  do  not.    Besides  Pd2H  there  may  be  mentioned  KsH4,  NasH4,  Cu4Hty 
Li2H2,  CaH2,  BaH2;  the  existence  of  hydrides  of  Ag,  Ni,  Fe  seems  doubtful. 

Table  34. — Heat  of  Formation  of  Metallic  Hydrides 


Formula 


(Sr,H«).. 
(Ba,H«). 
(Pt^H). 
(Pd«H) 
(Si,H*).. 


Molecular  heat 
of  formation 


In  dilute 
solution 


38,400 

37,500 

14,200 

4,6<x> 

-6,700  (gas) 


65.  Phosphides. — ^Excepting  small  amounts  of  (Ni*  and  Fey)  P  in  meteoric 
iron,  metallic  phosphides  do  not  occur  native.  The  affinity  of  metals  for  P 
is  not  so  strong  as  that  for  O  and  for  S.  The  heats  of  formation  of  MniP2  and 
FeP  only  have  been  determined  so  that  the  relative  affinities  of  the  leading 
metals  for  P  are  not  known.  The  probable  reason  for  this  is  that  with  a  few 
metals  only  (Zn,  Cd,  Mn,  Fe  and  perhaps  Ni,'  Co,  Cr,  Cu*)  have  phosphides  of 
definite  chemical  composition  been  isolated;  the  product  usually  obtained  is 

*  Moissan,  V  Internal,  Congr.  Appl.  Chem.^  Berlin,  1903,  i,  78. 
•Lucas,  Zt,  Electrochem.f  1905, 11,  182. 

Pirani,  op.  cU.,  1905,  11,  555. 
Fokin,  op.  cit.,  1906,  xii,  749. 

*  Konstantinoff,  Z/.  anorg.  Chem.f  1908,  LX,  405. 

*  Heyn-Bauer,  Zt.  anorg.  Chem.^  1907,  lii,  129. 
Huntington-Deschy  Tr.  Faraday  Soc,  1908,  iv,  51. 
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a  mixture  difficult  to  separate.  The  constitutions  of  Fe-P*  and  Mn-P*  only, 
have  so  far  been  investigated.  Metallic  phosphides  are  solid  and  brittle;  have 
a  metallic  luster  if  the  percentage  of  P  is  low;  are  mostly  white  to  gray;  readily 
fusible  and  insoluble  in  HsO.  The  addition  of  a  small  amount  of  P  to  a  metal 
causes  this  to  become  brittle.  Thus  steel  is  brittle  if  it  contains  over  o.i  per 
cent.  P,  while  an  addition  of  the  same  amount  to  Cu  or  some  of  its  alloys  does 
not  affect  its  mechanical  properties  unfavorably.  On  the  contrary  it  assists 
in  the  production  of  sound  castings,  as  the  presence  of  P  hinders  the  oxidation 
of  Cu,  Sn,  etc. 

Phosphides  are  prepared:  (i)  By  heating  a  metal,  metallic  oxide  or  chloride, 
with  P.  The  imion  of  some  metals  with  P  is  attended  by  the  development  of 
light  (Pt,  Sn,  Zn),  of  others  only  by  heat  (Ag,  Au,  Cu,  Pb,  Cd,  W).  In  heat- 
ing metallic  oxides  (ZnO,  CdO)  with  P,  some  metallic  phosphide  is  formed;  with 
metallic  chlorides,  part  of  the  P  is  volatilized  as  PCU. 

(2)  By  heating  in  a  brasqued  crucible  a  mixture  of  metallic  phosphate  and 
C,  or  of  PjOb,  metallic  oxide  and  C  (Fe,  Cr,  Mo,  W,  Ti). 

(3)  By  reducing  metallic  phosphate  with  H. 

(4)  By  the  action  of  PH3  upon  metal  salts. 

Phosphides  are  decomposed:  (i)  By  heat  alone;  Ag,  Au  and  Bi  give  up  all 
the  P,  the  former  two  with  sprouting;  Fe  and  Sn  retain  a  considerable  amount 
3f  P,  Cu  very  little. 

(2)  By  heating  with  access  of  air  or  oxidizing  reagents, when  phosphates  are 
formed  or  a  mixture  of  metal,  metallic  oxide  and  PsOs. 

(3)  By  treating  with  HNOs,  Cl-water,  HClOs,with  the  formation  of  metallic 
>hosphate,  or  with  HCl  with  the  formation  H3P. 


Table  35. — Heat  or  Formation  of  Phosphides 


Formula 

Molecular  weights 

Molecular  heat 
of  formation 

In  dilute 
solution 

Mn»  P*) 

165+62  =  227 

3-^3^=^  34 
56+39=  95 

70,900 
4,900  (gas) 
nearly  zero. 

H»  P)  

,**  »*/ •• 

Fc.P) 

,*  *'>*•  /••• 

66.  Arsenides.  General  Properties. — Pure  metallic  arsenides  are  not  of 
requent  occurrence  (arsenical  nickel  and  cobalt  ores);  they  are  sometimes 
brmed  in  smelting  operations  (arsenical  speise,  §348).  In  arsenical  minerals 
^  is  often  in  part  replaced  by  Sb  and  S ;  the  same  is  generally  the  case  with  the 
imelter  product,  speise.     Heats  of  formation  of  metallic  arsenides  have  not  been 


*  Stead,  /.  7.  and  Si,  /.,  1900, 11,  60;  Metallographist,  1901,  iv,  89,  199,  332. 

Saklatwalla,  /.  7.  and  St',  /.,  1908,  11,  93. 

Gerke,  Metallurgies  190S,  v,  604. 

Konstantinoff,  Zt.  anorg,  Ckem.,  19 10,  lxvi,  209. 
« Schemctschuschny-Efremow,  Zi.  anorg.  Chcm.,  190^^,  lvii,  241. 
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determined.  In  smelting  arsenical  nickel  ores,  it  has  been  found  that  l^ihas 
the  greatest  aflinity  for  As,  then  follow  Cu,  Co,  Fe  in  the  order  given.  Tk 
first  three  form  definite  chemical  compounds^:  NitAs,  CusAs,  C04AS.  Tk 
constitution  of  Cu-As  alloys  has  been  studied  by  Hioms',  Friedrich'  and  Bcd- 
gough-Hill*;  that  of  Mn-As  by  Schoen';  of  Fe-As  by  Hilpert-Dieckmann*; 
of  Sn~As  by  Jolibois-Duprey^;  of  Hg-As  by  Dumesnil'  and  of  Sb-Asby  Pam- 
vano-Cesaris.* 

The  presence  of  a  very  small  amount  of  As  often  has  a  decided  effect  upoa 
the  physical  properties  of  a  metal;  it  thus  makes  Au  brittie,  reduces  the  dectric 
conductivity  of  Cu,  and  causes  Pb  to  assume  a  spherical  form  in  granulating 
(shot). 

Preparation  of  Arsenides. — Metallic  arsenides  are  prep)ared  in  the  ^ 
way: 

(i)  By  strongly  compressing  the  finely  divided  constituents. 

(2)  By  heating  metals  with  As,  the  union  is  accompanied  by  evolution  of 
heat  and  sometimes  of  light  (Zn,  Pt).  Any  excess  of  As  is  volatilized  by  the 
rise  of  temperature  due  to  the  reaction. 

(3)  By  reducing  metallic  arsenites  or  arsenates  with  C  or  KCN.  A  mix- 
ture of  AS2O3  or  AS2O5  with  a  metal  or  metallic  oxide  and  reducing  agent  gives 
a  similar  result. 

(4)  By  heating  some  metals  or  metallic  oxides  in  a  current  of  AsHt  when 
metallic  arsenide  and  H,  or  H2O,  are  formed  (Sn,  Cu). 

In  the  wet  way  some  metallic  arsenides  are  prepared  by  the  action  of  AsHt 
upon  metal  salts.  Precious  metals  are  reduced  to  the  metallic  state;  MnO-, 
SnO-  and  FeO-salts  are  not  acted  upon,  but  most  of  the  other  metals  are 
precipitated 

Decomposition  of  Arsenides. — Metallic  arsenides  are  decomposed  in  the 
dry  way: 

(i)  By  heat  alone.  Thus  arsenides  of  Bi,  Sn,  Pt,  AI5,  Au  retain  only  traces 
of  As,  while  Ni,  Cu,  Co,  Fe  lose  part  of  their  As  leaving  behind  definite,  and  Zn, 
Pb  indefinite,  chemical  compounds. 

(2)  By  heating  with  access  of  air  (see  Oxidizing  Roasting,  §174). 

(3)  By  heating  with  metallic  oxides  or  salts.  In  roast-smelting,  the  solid  0 
of  the  oxides  formed  changes  As  into  volatile  AS2O8  or  stable  basic  arsenate. 

(4)  By  heating  with  a  metal  that  has  stronger  affinity  for  As  (see  order 
given  above). 

(5)  By  heating  in  a  current  of  steam  (see  Oxidizing  Roasting). 

>  Plattner-Cornwall,  "Blow-pipe  Analysis,"  Van  Nostrand,  New  York,  1902,  p.  424. 

*  Electrochemist  and  Metallurgistf  1903-04,  m,  648. 

*  Metallurgies  1905,  11,  484. 

*  7.  Inst,  Met.  J  19 10,  m,  34. 

*  Metallurgies  191 1,  viii,  737. 

*  Ber.  deutsch.  chem.  Ges.^  191 1,  xliv,  2378. 
"^  Compt.  Rend.f  1911,  clii,  1312. 

*0p.  cU.,  191 1,  CLii,  868. 

*  Internal.  Zt.  Metallogr.,  191 2,  11,  70. 
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(6)  By  fusing  with  alkali  carbonate  and  nitrate  which  convert  the  As  into 
•IkaU  arsenite  and  arsenate  soluble  in  H2O,  and  the  heavy  metal  into  oxide. 

(7)  By  fusing  with  alkali  carbonate  and  S  which  convert  the  As  into  alkali 
SQ^harsenide  and  the  heavy  metal  into  sulphide. 

(8)  By  heating  in  a  current  of  CI  or  HQl,  which  converts  the  metal  into 
chkride  and  the  As  into  volatile  AsCls  (see  Chlorides,  §68). 

(9)  By  heating  with  S  which  acts  in  a  manner  similar  to  that  of  CI,  only 
that  AsxSy  is  not  as  volatile  as  AsCls. 

In  the  wel  way  some  arsenides  (Zn,  Sn,  Fe)  are  converted  into  chlorides 
or  sulphates  with  evolution  of  AsHs  by  treatment  with  HCl  or  H2SO4;  most 
arsenides,  however,  remain  unattacked  and  require  HNOg  and  aqua  regia  for 
their  decomposition,  and  conversion  into  arsenates. 

Table  36. — Heat  or  Formation  of  AKSENmES 


Formula 

Molecular  weight 

Molecular  heat 
of  formation 

In  dilute 
solution 

CR*Jis) 

3+7S-  78 

-44,200  (gas) 

\«a  r*"/ 

67.  Antiinonides. — ^They  occur  native,  as  do  arsenides,  and  are  also  formed 
in  smelting  operations  (antimonial  speise).  In  a  general  way  they  show  the 
same  metallurgical  behavior  as  do  arsenides.  They  are  lustrous,  hard  and 
brittle.  Little  is  known  in  a  general  way  which  might  serve  to  differentiate 
them  from  arsenides.  The  affinity  of  the  different  metals  for  Sb  is  not  the  same 
as  that  for  As.  Thus  Fe  combines  readily  with  As,  but  not  with  Sb,  while  Cu, 
Pb,  Au,  Pt  have  a  greater  affinity  for  Sb  than  for  As;f  urther,  metallic  antimonates 
as  a  rule  are  more  difficult  to  decompose  than  are  arsenates. 

Table  37. — Heat  op  Formation  of  ANTiMONmES 


Formula 

Molecular  weight 

Molecular  heat             In  dilute 
of  formation                solution 

(H»Sb) 

3+120=123 

1 
—86.800  (Kas)            

68.  Chlorides.— Metallic  chlorides  occur  sparingly  native  (AgCl,  HgCl),but 
metals  are  frequently  converted  into  chlorides  in  order  to  render  them  amenable 
to  wet  and  electrol3rtic  processes.  Chlorides  of  all  the  metals  are  known. 
Most  chlorides  are  stronger  compounds  than  the  corresponding  oxides  or  sul- 
phides. Many  chlorides  are  known  as  hydrochlorides  (SnCl4.3HjO) ;  some  form 
double  salts  with  alkali  chlorides  (KAuCU,  NajHgCU,  KjPtCle),  others  acid 
chlorides  with  HCl  (HiCuCU,  HAuCU,  H2CdCl4);  oxychlorides,  i.e.,  chlorides 
of  the  more  electronegative  metals  combining  with  the  oxides  of  the  same 
metab  (2CUO.CUCI2,  3CUO.CUCI2,  SnCU.SnOi),  are  not  uncommon;  occasion- 
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ally  sulphochlorides  (SnCU.sSCU,  SbCU.SCU)  are  encountered    At  axSsa^^  ^ 
temperature  most  metallic  chlorides  are  solid;  some,  however,  are  liquid  (Si 
AsCls,  SbCU,  TiCU) ;  their  colors  vary  greatly.    Solid  chlorides  arc 
readily  fusible^  than  the  corresponding  metals;  all  are  easily  volatilized 
cepting  MnCU;  some  pass  directly  from  the  solid  state  to  that  of  vapor  wit 
melting  (HgCl,  FeClj).    AgCl  is  non- volatile  at  a  red  heat  but  k  mechamc- 
ally  carried  along  by  volatile  chlorides.     A  perchloride  as  a  rule  is  moie^ 
readily   volatilized   than   its   lower   chloride    (SnCU-SnCli,    FeiClrFc(%l 
CuClf-CusCls,  AuCls-AuCl).    Some  chlorides  are  in  part  decomposed  while 
being  volatilized  (CuCU,  AuCU).    Most  chlorides  are  soluble  in  water,' 
AgCl,  Hg2Cl2,  CU2CI2,  AuCl,  PtCU  are  insoluble;  PbCli  is  sparingly  soluble; 
BiCls,  SnCUy  SbCls  are  more  or  less  decomposed  by  HtO  forming  basic  salts 
(BiOCl,  SnOCU,  SbOCl).     Heating  with  an  acid  body  giving  off  O  causes  Qto 
be  liberated: 

2NaCl+Mn02+3H2S04 = MnS04+HNaS04+2H,0+Cli. 

Formation  of  Chlorides. — Metallic  chlorides  are  formed  in  the  dry  way: 
(i)  By  the  action  of  CI  upon  metals,  metallic  oxides,  sulphides,  arsenides 
and  antimonides.  The  union  of  dry  CI  with  a  finely  divided  metal  forming 
anhydrous  chloride  is  frequently  accompanied  by  the  emission  of  light;  in  the 
formation  of  chlorides  of  Pb,  Ag,  Au  and  Pt,  heat  only  is  developed.  Metallic 
oxides  which  have  to  part  with  their  0  are  not  readily  converted  into  chlorides 
as  are  the  metals  proper;  chloridation  is  assisted  by  the  presence  of  C  whidi, 
burning  to  CO  or  CO2,  aids  in  the  decomposition  of  the  oxide.  The  S,  As,  and 
Sb  of  metallic  sulphides,  arsenides  and  antimonides  passes  off  as  SCU,  AsQti 
SbCl,. 

(2)  By  the  partial  decomposition  of  higher  chlorides.  Thus  CuClt>  FeQi 
are  converted  into  CU2CI2  and  FeCU  upon  heating.  Heating  the  lower  chloride 
in  a  current  of  CI  restores  the  higher  chloride. 

(3)  Sy  the  action  of  HCl  gas  upon  metals,  metallic  oxides,  sidphides,  ar- 
senides, sulphates,  arsenates  and  antimonates.  The  metals,  oxides,  sulphides 
and  arsenides  form  H,  H2O,  H2S,  AsHs;  the  sulphates,  arsenates  and  antimo- 
nates, SCI2,  AsCls  and  SbCls. 

(4)  By  the  interaction  of  metallic  oxygen-salts  and  chlorides.  Thus  vapors 
of-NaCl  act  upon  metallic  sulphates,  arsenates  and  antimonates  being  con- 
verted into  Na2S04,  etc.,  and  changing  the  oxygen  compounds  into  chlorides 
(see  Chloridizing  Roasting,  §177). 

In  the  wet  way  metallic  chlorides  are  formed: 

(i)  By  the  action  of  HCl  or  aqua  regia  upon  many  metals,  metallic  oxides, 
sulphides  and  some  arsenides. 

(2)  By  the  interaction  of  oxygen  salts  and  chlorides: 

Fe(Cu)S04+2NaCl  =  Fe(Cu)Cl2+Na2S04. 

Decomposition  of  Chlorides. — Metallic  chlorides  are  decomposed  in  the 
dry  way: 

*  Arndt-Kunze,  Zi,  Electrochem.f  191 2,  xviii,  994. 
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(i)  By  heating  in  a  current  of  H  with  the  formation  of  HCl  :  AgCl+H  = 
Ag+HCl.    The  decomposition  is  often  imperfect. 

(2)  By  heating  in  a  current  of  steam.  Many  chlorides  (Fe,  Mn,  Co,  Ni, 
Zn,  Bi,  Cu,  Sb  .  .  .  )  are  thus  converted  into  oxides  or  basic  chlorides.  In  the 
presence  of  C  some  chlorides  are  reduced  to  the  metallic  state: 

2AgCl+HjO+C=Ag2+2HCl+CO. 

(3)  By  heating  in  a  current  of  steam  in  the  presence  of  SiOi  and  O: 
2NaCl+Si02+H20  =  Na2Si08+HCl  (see  Chloridizing  Roasting). 

(4)  By  heating  with  S.  Some  chlorides  are  converted  into  sulphides  with 
the  liberation  of  SCI2. 

(5)  By  heating  with  a  metal  that  has  a  stronger  aflSnity  for  CI: 

AlCls+Naa  =  Al+3NaCl. 

(6)  Heating  with  C  does  not  decompose  chlorides. 

(7)  By  electrolytic  reduction:  NaCl,  ZnCU,  MgCl2,  CaCU  .  .  . 
In  the  wet  way  metallic  chlorides  are  decomposed: 

(i)  By  treating  with  a  metal  that  has  a  stronger  affinity  for  CI: 
2AgCl+(Hgi,  Cu,  Fe,  Zn)=Ag2+(Hg2,  Cu,  Fe,  Zn)Cl2.    The  decomposi- 
tion  may  be  perfect   (6HgCli+6Fe  =  6FeCl2+6Hg)   or  imperfect    (aHgClj 
+2Fe=3Hg2Cl2+Fe2Clfl). 

(2)  By  treating  with  alkali  or  alkaline  earths  or  their  carbonates: 

CuCl2+2NaOH  =  CuO+H20+2NaCl. 

(3)  By  treating  with  substances  that  are  readily  chloridized  (2AUCI1+ 
6FeS04  =  2Au+Fe2Cl6+2Fe2.(S04)8)  or  oxidized  (2AuCl8+3C20»+3H20  =  2Au 
+6HCI+6CO2). 

(4)  By  electrolytic  reduction:  Cu2Clt. 

Table  38. — Heat  of  Formation  of  Chlorides 


Formula 


Molecular  weights 


(K,Cl) 39+  35. S-   745 

(Ba,Cl«) 137+  70     =207 

(Bca,) 9+71     =80 

(Na.a) 23+  35.5-  58.5 

(Li,a) 7+  35  5-  42.5 

(Sr,a«) 87+  71     -158 

(Ca,Cl«) I  40-f  71     -III 

(N,HSCI) 14+4+  35.5=  63.5 

(Mg,Cr) I  24+  71     -  95 

(S,Clj) I  28+142     =170 

(A1,C1») \  27+106. 5  =  133.5 

(Mn.CP) 55+  71     -126 

(Zii,a«) 65-h  71     =136 


Molecular  heat 
of  formation 


105,700 
197,100 
155,000 

97,900 

93,900 
184,700 
169,900 

76,800 
151,200 
128,800  (gas) 
161,800 
112,000 

97,400 


In  dilute 
solution 


101,200 
198,300 
199,500 
96,600 
102,300 

195,850 

187,400 

72,800 

187,100 


238,100 
128,000 
113,000 
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Table  38. — Heat  op  Formation  op  Chloudes — (Continued)    . 


Formula 


Molecular  weights 


Molecular  heat 
of  formation 


In  dilute 
solution 


(T1,C1).. 

(Cd,Cl«) 

(Pb,CP) 

(Fe,Cl«). 

(Sii,Cl«) . 

(Co,Cl«) 

(Ni,CP). 

(Cu,Cl). 

(Sn,Cl*). 

(Fe,Cl»). 

(Hg,Cl). 

(Sb,Cl«). 

(Bi,Cl«). 

(B,C1«). 

(Ag,Cl). 

(Hg,CP) 

(Cu,Cl«) 

( As,Cl») . 

(H,C1).. 

(Sb,Cl»). 

(Pd,Cl«) 

(Pt,Cl*). 

(Au,Cl») 

(Au,Cl) . 


204+  355 
ii2-h  7 

207+  7 

56+  7 
118+  7 

59+  7 

58.5+  7 

63. 5+  35. S 
118-I-142 

56+106.5 

2004-  35-5 
120+106.5 
208+106.5 

11  +  106.5 
108+  35.5 
200+  71 
63.6+  71 

75  +  106.5 

1+  35.5 
120+177. 5 

106+  71 

195+142 

197+106. 5 

197+  35-5 


239- S 

183 

278 

127 

189 

130 
129.5 

99 
260 

162.5 

235.5 
226.5 

314-5 
"75 

143. S 

271 
134.6 
181. 5 

'  36.5 
=297.5 

177 
337 

=303.5 
=232.5 


48,600 

93,700 

83,900 

82,200 

80,900 

76,700 

74,700 

35,400 
129,800  (liquid) 

96,150 

31,320 

91,400 

90,800 

89,100  (gas) 

29,000 

53,300 

51,400 

71,500 

22,000 
104,500  (liquid) 

40,500 

60,200 

22,800 
5,800 


3^0) 
96400 

77,900 
100,100 


95,000 
93,900 


127,850 


50,300 
62,500 


39400 


79,800 
27,300 


69.  Bromides. — Bromides  resemble  chlorides.  As  seen  from  their  heats  of 
formation,  they  are  weaker  compounds  than  chlorides  and  therefore  more 
readily  decomposed.  They  occur  sparingly  native  (AgBr)  and  are  not  often 
formed  in  metallurgical  operations  (AuBr j,  but  not  PtBr«).  At  ordinary  tem- 
perature they  are  solid  and  mostly  white,  they  are  all  fusible  and  volatfle;  a 
higher  bromide  is  more  readily  volatilized,  as  a  rule,  than  a  lower  bromide; 
bromides  are  less  soluble  in  H2O  than  chlorides;  some  oxybromides  are  known. 
Formation  of  Bromides. — Metallic  bromides  are  formed: 
(i)  By  the  action  of  Br  or  HBr  upon  a  metal,  metallic  oxide  or  carbonate: 

AgsO+HBr  =  2  AgBr+HjO. 

(2)  By  the  action  of  Br  upon  a  metallic  oxide  in  the  presence  of  C: 

Al20s+6Br+3C  =  Al2Br«+3CO. 

(3)  By  precipitating  a  metal  salt  with  an  alkali  bromide. 
Decomposition  of  Bromides. — They  are  decomposed  by  similar  means  as 

are  chlorides;  CI  always  decomposes  a  bromide. 


(Al,Bh) 

(Zb.B^ 

(Cd,Bii) 

(Pb,BtJ 

(S^BrO 

(Cii,B^ 

(Sa,Bi«} 

(Hg.Br) 

(Ag,Bi)cryBt., 

(Sb,Br,) 

<Cu,Bn) 

(Pt,Br4) 

(Au,Bh) 

<Au,Br,) 


METALLIC  COMFOUNDi 
Table  39.— Heat  op  Fobkation  ot  Bkoudes' 


17+140=467 

6s+i6o  =  3JS 
113  +  160  =  371 
307+160  =  367 
ii8  +  i6o=)78 

63+  Sa^ns 
ii8+iJO=438 
300+  8o  =  j8o 
108+  80  =  188 
120+340-360 

63  +  160  =  313 
«9S+3»o  =  sis 
197+340  =  437 
197  +  160-357 


70.  Iodides. — Iodides  are  very  similar  to  bromides,  but  are  weaker  com-  I 
pounds  as  seen  by  their  lower  beats  of  formation.     They  are  as  rare  as  bromides 
(.\gl)  and  are  seldom  formed  in  metallurgical  operations  (Znlj,  Agl).     At  ordi- 
nary temperature  metallic  iodides  are  solid;  they  show  strong  and  varied  colors, 
but  are  without  luster;  all  are  fusible  and  volatile,  they  are  less  volatile  and  more 
readily  soluble  in  H3O  than  the  corresponding  chlorides  and  bromides.     Some  J 
iodides,  e.g.,  KI,   Znlj,  have  the  property  of  dissolving  I  with  evolution  of.l 
heat  showing  that  a  higher  iodide  is  being  formed  (KI+Ij  =  Kl3).     Many  J 
metallic  iodides  dbsolve  freely  in  solutions  of  alkali  iodides. 

Formation  of  Iodides. — Metallic  iodides  are  formed  and  decomposed  in  a  J 
msnner  similar  to  that  of  bromides.  .Heating  with  access  of  air  does  not  giv^J 
oxyiodides.    Bromine  will  always  decompose  an  iodide. 

Table  40. — Heat  or  Fobuation  of  Iodidzs* 
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71.  Cyanides. — ^The  action  of  CN  upon  metals  is  very  similar  to  that  of  Q, 
Br  and  I,  only  it  is  even  weaker  than  that  of  I.  Cyanides  do  not  occur  native. 
They  are  extensively  used  in  silver,  gold  and  copper  plating;  they  have  become 
of  metallurgical  importance  only  since  the  application  of  alkaline  cyanide 
solutions  to  the  leaching  of  silver  and  gold  ores.  Cyanides  have  a  strong  ten- 
dency to  combine  with  one  another  aiid  form  double  salts.  At  ordinary  tem- 
perature metallic  cyanides  are  solid  and  show  various  colors  ranging  from  the 
colorless  alkali  and  alkaline  earth  cyanides  to  the  brilliant  colors  of  the  double 
iron  salts.  Alkaline  cyanides  fuse  readily  at  a  red  heat  and  remain  unchang^ 
as  long  as  air  or  moisture  is  excluded.  Alkali  and  alkaline-earth  cyanides  are 
soluble  in  HsO,  and  the  solutions  give  an  alkaline  reaction  even  in  the  presence 
of  free  HCN;  the  single  heavy-metal  cyanides  are  insoluble,  excepting  Hg(CN)^ 

Formation  of  Cyanides. — Chemical  treatises  give  the  different  methods 
by  means  of  which  cyanides  are  prepared.  In  metallurgical  operations  the  start 
is  made  with  KCN  or  NaCN  or  with  a  mixture  of  the  two.  In  dissolving^ 
metals  (insoluble  Sn,  Hg,  Pt)  in  dilute  solutions  of  alkaline  cyanides,  the  pres- 
ence of  0  may  be  necessary  (Cd,  Ag,  Au)  or  not  (Zn,  Fe,  Ni,  Co,  Mn,  Pb): 

4KCN-F2Au-FH20-FO  =  2KAu(CN),-|-2KOH; 
4KCN+Zn+H20  =  K,Zn(CN)4+2KOH-fHi. 

In  passing,  it  may  be  noted  that  NaCN  contains  53  per  cent.  CN  and 

KCN  only  40  per  cent.,  that  NaCN  is  the  cheaper  salt,  and  that  it  has  proved 

itself  in  most  instances  to  be  as  eflFective  as  KCN. 

Decomposition  of  Cyanides. — Metallic  cyanides  are  decomposed: 

(i)  By  heat  alone.    This  is  the  case  with  all  heavy-metal  cyanides;  most  of 

them  are  converted  into  N  and  a  mixture  of  metal  and  C,  a  few  (Pd,  Hg,  Ag) 

into  CN  and  metal. 

(2)  By  heating  with  access  of  air.  Alkaline  cyanides  are  first  convated 
into  cyanates:  KCN+0  =  KCNO;  this  affinity  for  O  makes  them  powerful 
reducing  agents  at  comparatively  low  temperatures.  Upon  further  heating, 
the  cyanate  breaks  up:  2KCNO-F30  =  K2C08+C02+jN.  Heavy-metal  cya- 
nides readily  burn  giving  metal  or  metallic  oxide,  COi  and  N. 

(3)  By  boiling  with  water;  alkali  cyanides  give  NHj  and  alkali  formate 
(KCN+2H,0  =  NH8+HC02K),  heavy-metal  cyanides  give  COi,  CO,  CN  and 
NHs,  leaving  as  residue  metd  or  metallic  oxide,  occasionally  some  C. 

(4)  By  the  action  of  S  in  the  dry  or  in  the  wet  way  forming  a  sulphocyanide 
(rhodonite)  soluble  in  H2O,  excepting  the  salts  of  Cu,  Pb,  Hg  and  Ag: 

KCN+S  =  KCNS; 
(Ag2,  Pb,  Hg,  Zn,  Se,  Te)(CN)2+S2=(Ag2,  Pb,  Hg,  Zn,  Se,  Te)(CN),S,. 

(5)  By  the  action  of  CI  with  the  formation  of  metallic  chloride,  CNCl,  CN, 
and  a  yellow  oily  substance  not  fully  studied. 

(6)  By  the  action  of  acids.  Dilute  acids  set  free  HCN  :  KCN+HCl- 
KCl+HCN.  Alkaline  cyanide  solutions  are  decomposed  even  by  Cd:  2KCN 
+COa+HiO  =  K^C08+2HCN.    Strong  acids  carry  the  decomposition  farth^; 
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2MetCN+3H2S04+ 2H,0 = Met,S04+  2NH4.H.SO4+  2CO ; 
MetCN+HN03  =  MetN0,,  N,  H. 

(7)  By  wet  electrolytic  reduction. 

Double  Cyanides. — Metallic  cyanides  insoluble  in  HiO  are  dissolved  by 
solutions  of  alkaline  cyanides  forming  double  salts  which  are  almost  all  soluble 
in  water.  There  are  two  kinds.  In  the  first,  the  alkaline  cyanide  is  decom- 
posed with  evolution  of  HCN  and  precipitation  of  the  heavy-metal  cyanide: 
2KCN.AgCN  +  H2S04=K,S04+2HCN+2AgCN  or  2KCN.AgCN+H2S  = 
2KCN+2HCN+Ag2S;  further,  the  metallic  cyanide  first  separated  may  be 
again  decomposed  by  an  excess  of  add:  KCN.AgCN+2HCl  =  AgCl+2HCN+ 
KCl.  The  evolution  of  HCN  makes  this  class  of  salts  very  poisonous.  In  the 
second  class,  of  which  K4Fe(CN)6may  be  considered  as  typical,  dilute  adds 
have  no  decomposing  efiFect  and  concentrated  adds  cause  no  predpitate  to 
form,  as  the  K  of  the  salt  is  simply  replaced  by  the  H  of  the  acid:  K4Fe(CN)« 
+2HiS04=H4Fe(CN)6+2K2S04.  Some  double  cyanides  occupy  an  inter- 
mediate position:  e,g,,  Hg(CN)t.2KCN. 


Table  41. — Heat  op  Fokmation  of  Cyantoes 


Formula 

Molecular  weights 

Molecular  heat 
of  formation 

In  dilute 
solution 

• 

(Ca,C«N*) 

40-f-  24+  28—  92 
39+  12+  14-  65 

23+  i2-h  14-  49 

39+108+  24+  28  =  199 

392-f  2i6-|-252«86o 

65-h  24-f  28-117 

ii2-h  24-h  28  =  164 

63.6-h  12+  I4«89.6 

106+  24-h  28*158 

i-f  i2-h  14=   27 

200+  24+  28  =  252 

41,650 

30,250 

25,450 

5,350 

(K.C.N) 

33ASO 

25,950 
13,700 

-256,700 

-  24,550 

-  31,850 

-  20,375 

-  49,250 

-  27,150  (gas) 

-  59,150 

\^^t    t    f ••••••••••••• 

(Na,C.N) 

(K  J\«.C*  N«) 

(Fc'.CWN") 

(Zn.C*N*) 

(Cd.C*N«) 

(Cu.C,N) 

(Pd,C«N*) 

(H.C.N) 

—  21,050 

(Hg.C'N*) 

Table  42. — Heat  of  FoRifATiON  of  Cyanates 


Formula 


Molecular  weights 


(K.C^.O). 
(Na.C.N,0) 
(Af.C.N,0) 


39-f  i2-hi4-f  16=  81 

23+12  +  14  +  16=  65 

108+12  +  14+16  =  150 


Molecular  heat 
of  formation 


105,850 

105,050 

26,450 


In  dilute 
solution 


100,650 
100,250 


9° 
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Table  43. — Heat  of  Formation 

OF  Fersocyanides 

Formula 

Molecular  weights 

Molecular  heat 
of  formation 

In  dilute 
solution 

(K*,Fe,C«,N«) 

(H*,Fe,C»,N») 

(K»,Fe,C«,N«) 

(H«,Fe,CSN«) 

156+56+72+84=368 
4+56+72+84-216 

117+56+72+84  =  329 
3+56+72+84  =  215 

157,300 

—  102,000 

-  129,600 

14S.300 
—101,500 

zoo,8oo 

—  127,400 

*  •  t  n^^ 

72.  Fluorides. — Fluorides  occur  sparingly  native  (CaFi;  3NaF-AlFi)  and 
are  rarely  formed  in  metallurgical  processes.  F  has  a  great  affinity  for  metals; 
it  readily  combines  with  all  of  them,  and  often  with  the  emission  of  light;  it  hasi 
strong  tendency  to  form  double  salts.  At  ordinary  temperature  all  fluorides  are 
solid  excepting  SiF4;  in  color  and  luster  they  resemble  the  corresponding  dik- 
rides.  The  solid  fluorides  are  all  readily  fusible;  some  are  volatilized  without 
decomposition  (SbFs,  AsFs,  CrFa,  HgF2,  SnF4,  ZnFj  .  .  .  ).  The  fluorides  of 
the  alkalis,  of  Sn  and  Ag  are  soluble  in  H2O,  the  others  are  sparingly  soluble 
or  insoluble. 

Formation  of  Fluorides. — Metallic  fluorides  are  formed: 

(i)  By  the  action  of  F  upon  a  metal. 

(2)  By  the  action  of  HF  upon  a  metal,  metallic  oxide  or  carbonate. 

(3)  By  heating  electronegative  metals  (Sb)  with  PbFi  or  HgFi. 

(4)  Volatile  fluorides  are  obtained  by  heating  CaFj,  H2SO4  and  a  metallic 
oxide,  or  a  mixture  of  CaF2  and  metallic  oxide  in  a  current  of  HCl. 

(5)  Insoluble  fluorides  (CaF2)  are  obtained  by  precipitation. 
Decomposition  of  Fluorides. — Metallic  fluorides  are  decomposed: 
(i)  By  heat  alone:  AgF,  AuFs,  PtF4. 

(2)  By  heating  with  access  of  air  in  the  presence  of  mobture  many  fluorides 
are  converted  into  oxides  or  oxyfluorides  while  HF  is  given  off. 

(3)  By  the  action  of  CI  many  fluorides  are  converted  into  chlorides. 

(4)  Gently  warming  with  H2SO4  gives  metallic  sulphate  and  HF. 

(5)  Electrolytic  smelting  readily  decomposes  NaF,  CaF2,  AIF3;  experiments 
with  PbF2,  SnF4,  AgF  have  not  been  successful. 

Double  Salts. — Double  salts  are  of  three  kinds: 

(i)  A  union  of  two  separate  salts,  of  which  cryolite,  3NaF.AlF3,  is  the  best 
known. 

(2)  A  combination  of  a  fluoride  with  HF  to  form  an  acid  salt:  KF.HF; 
SnF4.2HF;  TiF4.2HF;  ZnF4.2HF;  in  general  HjMet.Fe. 

(3)  A  combination  of  an  acidic  oxide  dissolved  in  HF  with  a  basic  fluoride; 
KsBiF4;  K2SiFe;  PbSiFe;  K2SnFfl;  K2SbF6;  KAsFe;  NiSnF«  +6H2O.  Heat 
generally  splits  them  into  component  fluorides. 
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Tabu 

:  44. — Heat  of  Formation  of  Fluorides 

Formula 

Molecular  weights 

Molecular  heat 
of  formation 

In  dilute 
solution 

5r.P) 

87+38-125 

137+38  =  175 
7+19—  26 

39+19-  58 
40+38=  78 
24+38=  62 

23+19-  42 
14+4+19-  37 

27+57-  84 
11+57-  68 
55+38=  93 
65+38  =  103 
28+76  =  104 
56+38=  94 
112+38  =  150 
59+38-  97 
58.5+38=  96.5 

56+57-113 
204+19  =  223 

207+38  =  245 

1+19=   20 

120+57  =  177 

63.6+38  =  101.6 

108+19  =  127 

224,020 
224,000 

Ba.P) 

221,500 
116,880 
113,600 

■■r"     / ■•    '•    ••    ••    • 

Li  J) 

^— ya  /**********     "■     •■     ••     ••     ■ 

t,F) 

110,000 
216,450 
209,500 
109,720 
101,250 

^^f  •  / 

Ca,F«) 

l€f.F«) 

• 

Nt,F) 

109,120 

99,750 
275,220 

219,345 
153,310 

138,220 

N,H«F) 

i^" ,  /••••••••  ••  ••  ••  ••  • 

ALP) 

"^"  #•••••••••"  ••  ••  •• ••  • 

B,P) 

• 

1"  /••••••••  ••  ••  ••  ••  •• 

lii,P) 

'    '1"  /•••••••••  ••  ••  ••  ••  • 

^kf^ 

275,920  (gas) 

JcP) 

125,220 
121,720 
120,340 
118,980 
164,940 
54,405 

;cd,P) 

[Co.P) 

[Ni.F«) 

[Fe,P) 

CTV)..... 

%— •,•  /********  ••  •*  *•  ••  ••  • 

(Pb,P) 

101,600 
38,500  (gas) 

tH,F) 

50,300 

136,680 

88,160 

25,470 

(Sb,P) 

(Co,F«) 

(Ag,F) 

22,070 

73.  Silicides.*— Silicon  is  not  found  in  the  free  state,  nor  are  silicides;  both 
are  artificial  products. 


^Vigouroux,  £.,  "Le  Silidum  et  Les  Siliciures  M6talliques,"  Gauthier-Villars,  Paris,  1906 
(reprints  from  Compt,  Rend,,  1895,  cxxi,  771;  1896,  cxxii,  318;  cxxin,  115.) 

Moissan,  H.,  "The  Electric  Furnace,"  transl.  by  De  Mouilpied,  A.  T.  Arnold,  London, 
i9Q4i  or  Lehner,  V.,  Chemical  Publishing  Co.,  Easton,  Pa.,  1904. 

Watterson,  O.  B.,  "Borides  and  Silicides,"  BuU.  No.  145,  Univ.  of  Wise,  Madison,  1906. 

Baraduc-Muller,  L.,  "Silidures  M6talliques,"  Rev.  Mit.y  1910,  vn,  657. 

Si:  Albro,  Tr,  Am,  Electrochem,  Soc,  1905,  vii,  251;  Electrochem,  Met,  Ind,,  1905,  in,  183. 

Tone,  op,  cU,,  183. 

Si  and  Al,  Bi,  Ca,  Co,  Cu,  Fe,  Mg,  Ni,  Sb,  Sn,  Tl:  work  of  Tammann  and  associates. 

Portevin,  Rev.  MSt,,  1909,  vi,  951. 

Si-Ca:  Donath-Leissner,  OesUZt,Befg,  HUUenew,,  1909,  lvii,  611. 

Si~Mg:  Lebeau  Bossuet,  Rev.  MiL,  1909,  vi,  223. 

Si-Mn,  Cr,  Ni,  Fe,  W,  Cu,  Al,  Ca,  Ba:  Frilley,  Rev,  Mil,,  191 1,  vin,  457. 

CrsAlSij,  CrtAlSi4:  Manchot-Kieser,  Am,  J,  Sc,  1905,  xdc,  263. 

Vigouroux,  £.,  Compt,  Rend,,  1905,  xli,  951;  Eng.  Min.  /.,  1906,  uooci,  374. 

Si-Ca-Al:  Leavitt  &  Co.,  Electrochem,  Met.  Ind,,  1909,  vn,  131. 

Actd  Resisting  Properties:  Jouv6,  Electrochem,  Met.  Ind,,  1908,  vi,  321. 
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Table  45. — Chemical  Analysis  of  Silicon^ 

Si 

98.10 
I.ao 
0.60 
0. 10 

95- 30 
1.06 

Fe 

Al 

1.54 

C 

2. 10 

The  importance  of  Si  was  confined  to  the  metallurgy  of  iron  and  steel  tmti 
electric  smelting  became  important  in  metallurgical  operations.  Since  thei 
silicon-copper  and  other  metallic  silicides  as  well  as  silicon  carbide  (carbo- 
rundum) have  become  industrially  valuable.  With  the  cheap  production  of  Si 
by  Tone  this  element  and  some  of  its  compounds  will  be  used  more  generally, 
especially  as  a  reducing*  and  desulphurizing  agent  (alkali-earth  silicides).  S 
melts  at  1,430^  C,  has  a  specific  gravity  2.34,  a  hardness  6-7,  is  oxidized  by  air 
and  CO2  in  the  neighborhood  of  its  melting-point.  It  can  be  substituted  iorU 
in  the  thermic  reaction  of  the  Goldschmidt  process'  as  can  some  of  its  com- 
pounds, such  as  CaSi  and  MgSi.  Vigouroux  found  that  Si  exists  only  in  tio 
forms  (amorphous  and  crystalline)  instead  of  three  (amorphous,  graphitoidal 
and  crystalline)  as  has  been  held,  and  that  both  show  the  same  chemical 
behavior.  Moissan  and  Smiles*  believe,  however,  that  they  have  found  an 
amorphous  variety  differing  from  that  of  Vigouroux. 

Silicon  metals  fall  into  two  classes:  (i)  Those  forming  chemical  compounds 
(Mg,  Ni,  Co,  Fe,  Cr,  Mn,  Cu,  Pt  .  .  .  )  Sii  or  Met  Si2  in  which  the  metal  is 
bivalent.  When  they  are  decomposed  by  acid,  the  Si  is  oxidized  and  separates 
as  Si02.  To  these  metallic  silicides  may  be  added  Acheson's  carbonmdum,* 
SiC,  used  as  a  refractory  material  (§165)  and  a  reducing  agent.  (2)  Those 
which  when  fused  dissolve  Si  and  drop  it  again  more  or  less  upon  cooling: 
Alkaline  metals,  Zn,  Al,  Pb,  Sn,  Sb,  £i,  Ag,  Au.  When  tl^ey  are  decomposed 
by  acid  the  Si  separates.  Silicides  often  also  dissolve  Si  in  the  same  manner 
as  do  some  metals. 

Metallic  silicides  have  a  metallic  luster,  show  a  considerable  variety  of  color, 
are  hard  and  brittle,  are  more  readily  fusible  than  the  component  elements, 
and  are  stable  at  elevated  temperatures. 

Formation  of  Silicides. — Metallic  silicides  are  formed: 

(i)  By  the  direct  union  of  Si  and  metal  at  an  elevated  temperature.    This 

*  Tone,  Min,  Ind,^  1906,  xv,  685. 

*  Neumann,  Stahl  u,  Eisen,  1908,  xx\'iii,  356. 

'  Goldschmidt,  EXectrochem.  Met.  Ifid,f  1908,  vi,  244. 
Watts-Breckenridge,  op.  cil.,  1908,  vi,  237,  260. 
Breckenridge,  Bull.  438,  University  of  Wise.,  191 1.  -  •  . 

*  Eng.  Min,  /.,  1903,  Lxxv,  479.  ^  '    • 

*  Fitzgerald,  F.  A.  J.,  "Carborundum,**  Knapp,  Ilalle,  1904. 
Acheson,  /.  Frankl,  Inst.f  1893,  cxxxvi,  194,  279. 
Mathews,  Sclwol  Min,  Quart. ^  1894-95,  xvi,  73. 

Blake,  Eng,  and  Min,  /.,  1893,  LVi,  270,  320. 
Fitzgerald,  /.  Frankl,  InsL,  1897,  cxliii,  81. 
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docs  not  always  require  that  the  metal  be  melted;  e.g.,  CrSij  was  prepared  by  1 
Moissaoby  heating  a  mixture  of  the  constituents  to  izoo°C.  when  they  difFuseii  I 
into  one  another  forming  the  compound.     In  the  same  manner  he  prepared 
FeSit,  NiSii,  CoSis.  ' 

(z)  By  the  action  of  C  at  an  elevated  temperature  upon  metallic  silicates  j 
or  a  mixture  of  SiOi  and  metal  or  metallic  oxide;  this  is  the  process  of  the  iron 
blast  furnace  or  the  electric  furnace. 

(3)  By  the  action  of  Na  at  an  elevated  temperature  upon  Si-and  metal- 
compounds:  MnSijfrom  MnF3,Na]SiOj, ^NaF.AiFj,  Na;orCuSiafromKiSiF(,  1 
Cu,  Na. 

(4)  By  precipitation  with  SiH«,  e.g.,  CuSij  from  CuSOi  or  AgSi,  and  Ag  ] 
from  AgNO.. 

Decomposition  of  Silicioks. — Metallic  silicides  arc  decomposed: 
f      (i)  By  an  oxidizing  fusion,  e.g.,  all  processes  for  the  production  of  steel  or  I 
wrought  iron  from  pig  iron. 

(2)  By  treating  with  acids;  thus  aqua  rcgia  and  HF  are  effective,  while   i 
HCl,  HNO»  and  HjSO*  are  not. 

Table  46. — Heat  or  Fowiaiiok  or  Silicides 


Molecular  weights 


(»lii?,SI»). . 


385+56-441 
4+28-  31 


74.  Carbides.' — Metallic  carbides  do  not  occur  native.  Up  to  the  time  of 
the  application  of  the  electric  arc  to  smelting,  carburized  iron  alone  was  of 
fndustrial  importance;  since  then  many  metal-carbon  compounds  have  been 
pnrpared,  and  some  have  found  application  in  the  arts.  A  metal  acts  upon  C 
in  twodifferent  ways:  (i)  Itformsachemical  compound  with  C;  (a)  itdissolves 
C  when  melted  and  releases  it  again  upon  cooling,  either  entirely  or  it  retainsa 
part  in  solid  solution.  The  following  are  some  of  the  chemical  compounds 
known  at  present:  MjC{Fe,Mn);  MjC(Mo,W);  MjCj(Cr);  MC(Zr,Si,V); 
M4C,(G1,A1);  M,Ca(Ur,Cr);  MC,(Ba,Sr,Ca.Li„Ce,La,Y,Th,Zr};  MC*(Cr); 
MCM(Ni,Co,Ta,Nb),  readily  carburized,  but  definite  compounds  have  not 
"yet  been  isolated.  Besides  these  single  carbides,  binary  carbides  of  Fe-Mn, 
Fc-Cr.  Fe-Mo,  Fe-W,  Ci-W,  and  ternary  of  Fe-Cr-Mo,  Fe-Cr-W  have 
been     isolated.'    Of    the    cyano'jitrides    NbtdNi,    TiCN*    and    Tai»CuN 

'  MoUmo,  Ann.  ckim.  pkys.,  11(96,  ix,  n?.  189;  Comff.  Renrf.,  i896,cxxn,  174;  ifw. /"(f., 
1S96,  V,  4M,  el  sfg. 

Moiiun,  "Tbe  Elcclric  Furiwc/." 

DcUpine,  M.,  "Lcs  Curbures  KUttalliqitcs,"  Joanin  &  Co.,  Paris,  1904. 
Priogi  Bitclreihem.  UrI.  Ind.,   11)09,  Vll,  iJi. 
■  OeUpine,  op.  cit. 
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may  be  mentioned.    The  metals  dissolving  and  releasing  C  are  Ag,  (Zn,  Cj),1 
Rh,Pd,Ir,Pt;  many  carbides  have  a  similar  property.    The  metals  whidW 
not  dissolve  any  C  are  Au.Bi.(Pb).Sn.(Al).    Information  about  the  metili| 
placed  in  parentheses  is  doubtful.    The  solubility  of  C  in  a  metal  increasdl 
with  the  temperature,  but  is  hindered  by  the  dissociation  of  a  possible  op 
bide,  if  the  temperature  rises  above  a  certain  point.    Thus  NaiCj,  CaC|! 
Li2C2,  MnsC,  SiC  are  decomposed,  if  the  heat  is  sufficiently  raised.    Metalb' 
carbides    have   been   divided   into   two   classes:  i.  Those   that  decompoK' 
water;   2.   those  that  do  not.    To  the  former  belong  the  alkali  and  alkaS- 
earth  carbides,  also  the  carbides  of  Al,  Ce,  La,  Y,  Th,  Mn,  Ur;  to  the  latter 
the  carbides  of  O,  S,  CI,  Br,  I,  F,  Si,  B.    The  carbides  of  W,  Va,  Cr,  Moind 
Fe  occupy  an  intermediary  position;  FejC  and  CrjCs,  decomposed  by  dil.  HO, 
lean  toward  the  water-decomposing  carbides;  WjC  and  VC,  attacked  by  HNOt, 
and  SiC  with  BC,  not  attacked  by  acids,  toward  the  other  end  of  the  series. 

Water  at  ordinary  temperature  acts  upon  carbides  in  three  di£Ferent  ways: 
(i)  CaC2+2H20  =  Ca(OH)2+C2H2  (acetylene).  This  group  includes  the 
alkali  and  alkali-earth  carbides.  (2)  Al4C8+i2H20=4Al(OH)i+3CH4  (m^ 
thane),  represented  by  AI4C3  and  Be2C.  (3)  Met.  C+HiO  =  met. compound + 
C2H2,  CH4,  C2H4  (ethylene),  H  in  varying  proportions:  MnsC,  CeC2,  LaCi, 
YC2,  ThC2,  Ur2C3.  At  elevated  temperatures^  some  carbides  are  decomposed 
by  H-compounds  with  the  liberation  of  C  and  H,  viz.,  CaC2+H20  =  CaO+2C+ 
2H;  CaC2+2HCl  =  CaCl2+2C+2H;  CaC2+2NHs  =  CN2Ca+C+6H. 

Omitting  alkali  and  alkali-earth  carbides,  metallic  carbides  resemble  in 
color  the  metal  of  the  compound.  They  are  crystalline,  haive  a  metallic  luster, 
are  very  hard;  their  specific  gravity  is  lower  than  that  of  the  metals.  Some 
are  attracted  by  the  magnet,  others  not;  their  melting-points  are  high,  «.^., 
FesC  1,837"*;  FejC  2,220°;  UC  2,425°;  V4C3  2,750°  C.« 

Formation  of  Carbides.— ^Metallic  carbides  are  formed: 

(i)  By  the  direct  union  of  C  and  fused  metal  or  metal  brought  to  a  cementa- 
tion temperature. 

(2)  By  the  reduction  of  metallic  oxide  with  C  or  carbonaceous  matter  in 
the  absence  or  presence  of  fluxes. 

Decomposition  of  Carbides. — They  are  decomposed: 

(i)  By  heating  with  access  of  air:  conversion  of  pig  iron  into  stcd  or 
wrought  iron. 

(2)  By  heating  with  substances  which  readily  give  oflF  O  (malleable  castings). 

(3)  By  heating  with  a  metal  or  metallic  compound  that  has  a  greater  affinity 
for  C,  cg.y  Ca  or  CaO'  for  the  decarburization  of  ferrochrome. 

(4)  By  adding  an  element  that  decreases  the  solubility  of  C.  Thus  Si,  Al 
and  S  lower  the  saturation  point  of  Fe  for  C. 

*  Hahn-Streetz,  Metallurgies  1906,  ni,  727. 

*  RuflF,  Zt.  angcw.  Chem.^  191 1,  xxiv,  1134;  Metallurgies  191 1,  vin,  456. 
'  Pratt,  Engineerings  1907,  Lxxxiv,  326. 

Pcrkin,  Tr,  Faraday  Soc,  1907,  in,  179. 
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Table  47. — Heat  of  Formation  op  Casbides 


f 


Formula 

Molecular  weights 

Molecular  heat 
of  formation 

In  dilute 
solution 

(A1«,C*) 

108+36  =  144 
55+24=  79 
55+36=  91 

168+12  =  180 

40+24=  64 

23+12=  35 

7+12=  19 

28+24=  52 

108+12  =  120 

232,000 

114,400  (Ponthiere) 
9,900  (Berthelot) 
8,460 
-6,250 
-4,400 

-5,750 
-73,000  (gas) 

-43,575 

(1Ib,C«) 

(llB.C») 

(Fe>,C) 

{QMff) 

+131,5001 

(Mi,C) 

(Li,C) 

ffn,C») 

—67,100 

(Ag,q 

75.  Metallic  Oi^gen-salts,* — Their  general  properties  depend  upon  the 
duracter  of  both  the  acid  and  the  base. 

Formation  of  Qxy-salts.— They  are  formed:  (i)  By  the  oxidation  of 
S-,  Se-,  Te-,  P-,  As-,  Sb-,  Si-  .  .  .  ides. 

(2)  By  the  action  of  an  oxygen-acid  upon  a  metal,  metallic  oxide,  Se-,  Te-, 
P-,  As-,  Sb-,  Si-,  ide. 

Decomposition  of  Qxy-salts. — ^They  are  decomposed  in  the  dry  way: 

(i)  By  heat  alone;  (2)  by  heating  with  C;  (3)  by  heating  with  S-  ides;  (4) 
by  heating  with  CI. 

In  the  wet  way  they  are  decomposed:  (i)  By  the  action  of  H2S  or  an  alkali 
so^hide.     (2)  By  the  action  of  compounds  which  are  readily  peroxidized. 

In  the  combined  dry  and  wet  way  they  are  decomposed:  (i)  By  being  brought 
into  contact  with  an  acid  or  a  base  that  has  a  stronger  affinity  and  thus  forms  a 
new  compoimd,  the  acid  or  base  of  the  new  salt  being  set  free.  (2)  By  double 
decomposition.     (3)  By  precipitation  through  a  metal.     (4)  By  electrolysis. 

76.  Carbonates  (Met.^^COa).— Alkali  carbonates  are  readily  soluble  in  H2O, 
and  not  decomposed  by  heat.  Other  carbonates  are  insoluble  in  H2O,  readily 
soluble  in  acids,  easily  decomposed  by  heat  (Met.COs^Met.  O-FCOt),  by 
heating  in  a  current  of  steam  (Met.  C08+H20-Fheat=H2Met.Ot+COt),  by 
treatment  with  stronger  acids  Met.COsH-  2HCI = Met.Cl2+C02+H20,  by  heat- 
ing stable  carbonates  with  C:  Met.C08+C=Met.O-|-2CO;  Met.C08+3C  = 
Mct.-f3C0. 

Friedrich-Smith'  determined  the  decomposition  temperatures  in  an  elec- 
tricaUy  heated  tube  dosed  at  one  end,  ix.^  in  the  atmosphere  of  CO2  set  free  by 
dissociation.  Their  temperatures  are:  cerussite,  PbCOa,  315°  C;  smithsonite, 
ZnCOs,  395**;  siderite,  FeCOa,  380-415**;  hydrocerussite,  probably  2PbC08, 
Pb(OH)i,  430°;  rhodocrosite,  MnCOa,  525**;  magnesite,  MgCOj,  570**;  dolomite, 
CaMgCfOc,  895**;  aragonite,  CaCOi,  895**;  calcite,  CaCOs,  895°;  strontianite, 

s  Guntr-Bassett,  /.  Ckim.  Phys.j  1906,  iv,  i;  Rev.  Mdt.  Extr,,  1906,  in,  667. 
'  Ditte,  A.,  "Etude  G^ii6rale  des  Sds,''  Dunod,  Paris,  1906,  2  vols. 
^StM'EiscH,  X911,  XXXI,  1909;  MetaUurgie,  191a,  dc,  409. 


96 


GENERAL  METALLURGY 


SrCOs,  over  i,ioo**  C.    The  data  are  higher  than  those  that  will  be  obtained  if 
the  decomposition  is  carried  on  in  a  current  of  air. 

Some  other  dissociation  temperatures  at  atmospheric  pressure  are  subjoined:^ 

Table  48. — Heat  op  Formation  of  Carbonates 


Formula 

Molecular  weights 

Molecular  heat 
of  formation 

In  dilute 
solution 

(Ba,C,0>) 

137  +  12+48  =  197 
78+12+48  =  138 
87+12+48  =  147 
40+12+48  =  100 
46+12+48  =  106 
24+12+48=  88 
55+12+48  =  115 
65+12+48  =  125 
56+12+48  =  116 

112+12+48  =  172 

207+12+48  =  267 
63.6+12+48  =  123.6 

216+12+48  =  276 

286,300 
282,100 
281,400 

273.850 
273,700 
269,900 
210,300 
197,500 
187,800 
183,200 
170,000 
146,100 
123,800 

(K*C,0») 

288,600 

\ *^  i^'i^^  / 

(Sr.C,0») 

\*'"f^'>^^  /.... 

(Ca,C.O») 

(Na»C,0») 

279,300 

(Mg,C.O') 

(Mn,C,0») 

(Zii,C,0») 

(Fe.C.CH) 

•  •••••  '^B*  •  •  •  • 

(Cd,C.O») 

\^"*i^'i^^  / 

(Pb.C.O*) 

\*  •*!  ^^j'N^    / 

(Cu.C.O*) 

(Ag«C,0») 

\**o  i^^l^^  / 

Table  49. — Heat  of  Formation  of  Bicarbonates 


Formula 


Molecular  weights 


Molecular  heat 
of  formation 


In  dilute 
solution 


(K,H,C,0>). 
(Na,H,C,0») 
(N,H»,C,0>) 


39+1  +  12+48  =  100 
23  +  1  +  12+48=  84 
14+5  +  12+48=  79 


233.300 
227,000 
208,600 


228,000 
222,700 
202,300 


77.  Stdphates  (Met."S04).* — Most  metallic  sulphates  are  readily  soluble 
in  H2O,  some  are  only  sparingly  so  (Ag2S04),  others  are  insoluble  (PbSOi). 
All  metallic  sulphates  are  completely  decomposed  by  heat,  with  the  exception 
of  those  of  Pb  and  £i,  but  the  temperatures  at  which  decompositions  take  place 
vary  with  the  metals.  Some  metallic  sulphates  are  converted  directly  into  oxides, 
others  first  form  basic  salts.    Alkali-earth  sulphates  show  a  behavior  similar  to 

*  CaCOs:  812°  (Le  Chatelier,  Comp.  Rend,,  1883,  cii,  1243);  825°  (Brill,  ZL  ancrg.  Chem,, 
1905,  XLV,  275);  908°  (Riesenfeld,  /.  chim.  phys,,  1909, vii,  561);  910®  (Zavrieff,  Compi. Rend., 
1907,  cxLV,  428). 

MgCOs:  445°  (Brill,  ZL  anorg.  Chem.,  1905,  XLV,  283). 

SrCOj:  820**  (Le  Chatelier,  Bull.  Soc.  Chim,,  1887,  XLVii,  100. 

BaCOa:  1,352°  (Finkelstein,  Ber.  deutsch,  chem.  Ges.,  1906,  xlv,  275). 

NiCO,:   >ioo*»j   CdCO,:  >i2o^  ZnCO,:  13  7**  (Docltz-Graumann,  Metallurgie,  1906, 

ni,  473) 

Ag2C03:>  200**;  MnCOa:  about  320**  (Joulin,  Ann.  chim,Phys.,  1873,  ^OQC,  278);  FeCd: 

about  700**  C. 

*  Hofman-Wanjukow,  Tr.  A.  I,  M.  £.,  I9i3,xuii,  523. 
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that  of  metallic  sulphates,  ^hile  alkali  sulphates  do  not  part  with  their  sulphur 
trioxide  even  at  elevated  roasting-temperatures.  Normal  sulphates  which  do 
not  form  basic  salts  upon  dissociation  show  both  SO2  and  SOs  in  the  gaseous 
product;  normal  sulphates  which  form  basic  salts  upon  dissociation  evolve 
only  SOi  when  they  pass  from  the  normal  to  the  basic  state;  basic  sulphates 
upon  dissociation  into  MO  set  free  only  SOs;  metallic  sulphates  with  bases 
MfOs  and  M2O  do  not  form  basic  sulphates  upon  dissociation;  the  former  set 
free  SO3,  the  latter  SOj. 

The  electric  conductivity  of  FeS04  and  CUSO4  has  been  studied  by  Somer- 
viUe.i 

All  sulphates  are  reduced  to  sulphides  by  heating  with  Cat  high  temperatures : 
Met.S04+2C  =  Met.S+2C02;  at  a  low  temperature  (excepting  PbS04)  the 
following  reaction  takes  place:  2Met.S04+C  =  2Met.O+2S02+C02.  Heat- 
ing with  Si02  decomposes  PbS04,  viz.,  2PbS04+Si02  =  Pb2Si04+2S03,  while 
in  wet  processes  H2SO4  decomposes  silicates.  Many  sulphates  are  decomposed 
by  heating  in  a  stream  of  HCl,giving  chlorides. 


Table  50. — Heat  of  Formation  of  Sulphates 


Formula 


Molecular  weights 


Molecular  heat 
of    formation 


In  dilute 
solution 


(K«.S,0*)... 

(Ba.S,0*)... 

(U,«,S,0*).. 

(Sr,S.O*).... 

(Na«,S,0*).. 

(Ca,S,0*).. 

(Mg.S,0*)... 

(Al«^».0«).. 

(N«,H«.S,0*) 

(Mn3,0*) . . . 

(Zn.S,0*)  ... 

(Fc^,0*)  ... 

(CoAO*) ... 

(Ni.S,0*)... 

(Fc«,S»,0"). 

(TI«,S,0*).. 

(Cd^,0*)... 

(Pb,S,0*)... 

(Cu.S,0*)... 
(Hg«.S,CH).. 

(.\j?«,S.O»)... 
(Hg.S,CH)... 


78+32+  64  =  174 

137+32+  64  =  233 

14+32+  64  =  110 

87+32+  64  =  183 

46+32+  64  =  142 

40+32+  64  =  136 

24+32+  64  =  120 

54+96+192=342 

28+8+32+  64  =  132 

SS+32+  64  =  151 

65+32+  64  =  161 

56+32+  64  =  152 

59+32+  64  =  155 

58.5+32+  64-154.5 

112+96+192  =  400 

408+32+  64  =  504 

112+32+  64  =  208 

207+32+  64  =  303 

2+32+  64=  98 

63.6+32+  64  =  159.6 

400+32+  64  =  496 

216+32+  64  =  312 

200+32+  64  =  296 


344,300 
339i400 

333,500 

330,20a 

328,100 

317,400 

300,900 


283,500 
249,400 
229,600 


221,800 
219,900 
215,700 
192,200 
181,700 
175,000 
167,100 
165,100 


337,700 


339,600 


328,500 
321,800 
321,100 
879,700 
281,100 
263,200 
248,000 
234,900 
228,900 
228,700 
650,500 
213,500 
23 1 ,600 


210,200 
197,500 


162,600 


>  Uei.  Chem.  Eng..  igia,  x.  682. 
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Table  51. — Heat  of  Formation  oe  Bi-sulphates 


Formula 


Molecular  weights 


Molecular  heat 
of  formation 


In  dilute 
solution 


(K,H,S,0*). 
(Na,H,S,0*) 
(N,H»,S,0*). 
(H,H,S,0*). 


39+1+32+64-136 
23  +  1+32+64  =  120 

14+5+32+64  =  115 
1  +  1+32+64*  98 


276,100 
269,100 
244,600 
192,200 


272,900 
268,300 
245,100 
210,200 


Table  52. — Dehydration  of  Metallic  Sulphates 


Temperature  of 

beginning  o\ 

dehydration 

Degrees  C. 

FcS04+7H,0 

21 

FeS04+4H,0 

80 

FeS04+H,0 

d.06 

Al,(S04)8+i6H,0 

51 

AWS04)3+i3H,0 

82 

Al2(S04)8+I0H20 

97 

AU(S04)3+7H,0 

109 

A1,(S04),+4H,0 

180 

AU(S04)8+H20 

316 

CUSO4+5H.O 

27 

CuS04+3HjO 

93 

CUSO4+H8O 

i^^ 

MnS0,+5H,0 

25 

MnS04+2H20 

60 

MnS04+H,0 

152 

ZnS04+7H,0 

25 

ZnS04+6HjO 

28 

ZnS04+2HjO 

IIS 

ZnS04+H20 

22? 

NiS04+7H20 

40 

NiS04+4H20 

106 

NiS04+H20 

270 

C0SO4+7H2O 

19 

C0SO4+4H2O 

S8 

C0SO4+H2O 

276 

CdS04+5H20 

30 

CdS04  +  2ll20 

41 

CdS04+H20 

170 

MgS04+7n:0 

19 

MgS04+6H20 

38 

MgS04+2H20 

112 

MBS0i+H20 

203 

CaS04+2H20 

38 

2CaS04+2H,0 

80 

2CaS04+H20 

149 

Product 
formed 


Remarks 


FeS04+4H20 

FeS04+H,0 

Fe,0,+2S0, 

Al,(S04),+i3H,0. 

A1,(S04)8+IOH20 

A1,(S04)8+7H,0.. 
A1,(S04)«+4H,0.. 

Al2(S04)8+H,0... 

AWSO,), 

CuSO«+3H20.... 

CUSO4+H2O 

CUSO4 

MnS04+2H20.... 

MnS04+H20 

MnS04 

ZnS04+6H,0. . . . 
ZnS04+2H,0.  ... 

ZnS04+H20 

ZnS04 

NiS04+4H20 

NiS04+H20 

NiS04 

C0SO4+4H2O.... 

C0SO4+H2O 

C0SO4 

CdS04+2H20.... 

CdS04+H20 

CdS04 

MgSOi+6H20.... 
MgS04+2H,0.... 

MgS04+H,0 

MgS04 

CaS04+H20 

2CaS04+H,0. . . . 
2CaS04 


Slight  apple-green. 

White, 

Yellowish-brown. 

White. 

White. 

White. 

White. 

White. 

White. 

Sky-blue. 

Pale  blue. 

White. 

Pale  pcachblossom. 

Paler  than  preceding. 

Paler  than  preceding. 

White. . 

White,  granular. 

White. 

White. 

Green. 

Yellow. 

Orange  colored. 

Rose. 

Lilac. 

Lilac. 

White. 

White. 

White. 

While. 

White. 

White. 

White. 

White. 

White. 

White. 
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Table  53. — Desulphatization  op  Anhydrous  Metallic  Sulphates 


MeuUic 
sulphates 

Tempera- 
ture of 
beginning 
of  decom- 
position 

Tempera- 
ture of 
energetic 

decompo- 
sition 

Products  of 
decomposition 

Remarks 

FeSOi 

FeiOi-sSOs 

Degrees  C. 

167 

492 

570 

590 

637 

653 
699 

702 

702 

702 

720 

755 
827 

870 

878 

890 

917 

952 
1,200 
1,510 

Degrees  C. 
480 
560 

639 
639 
705 
670 

790 
720 

736 
764 

770 
767 
846 
890 
890 
972 

925 
962 

FetOs.2SOs 

FesOi 

Yellow-brown. 
Red. 

BMSOJi 

SBi,0|.4(S0,),... 
AlsOi 

White. 

AI,(S04)j 

White. 

PbSOi 

CuSO« 

MnSOi 

6Pb0.sS0, 

2CuO.SOi 

MniOi 

White. 

Orange-color. 
Dark  red  to  black. 

ZnSOi 

tCuCSOj 

3Zn0.2SO| 

CuO 

White,  cold  and  hot. 
Black. 

NiSOi 

NiO 

Brownish-irreen. 

C6SO4 

CoO ' 

Brown  to  black. 

aZnO.iSOi 

ZnO 

Hot  yellow,  cold  white. 

White. 

Yellow. 

CdSO« 

sBiiOi^(SOi)i 

sCdO.SOs 

BisOi(?) 

sCdCSOi 

CdO 

Black. 

llgSO* 

MgO 

White. 

f^wrf . 

AgjSOi 

Ag 

Silver  white. 

^PbO.sSO, 

CaSOi 

2PbO.S03(?).... 
CaO 

White  to  yellow. 
White. 

BaSOi 

BaO 

White. 

78,  Sulphites  (Mct^SOa). — These  are  mostly  insoluble  in  H2O;  on  exposure 
to  moist  air  they  are  slowly  oxidized  to  sulphates;  oxidiz'\^ agents  (CljHNOs) 
do  it  more  quickly.  Sulphites  are  decomposed  at  a  red  heat  forming  either 
sulphide  and  sulphate  (4Met.  S08  =  Met.  S +3 MSO4)  or  oxide  and  SO2,  viz., 
MS08  =  MO+S02;  heating  with  C  reduces  them  to  sulphide  or  oxide;  they  are 
decomposed  by  all  acids  excepting  CO2.  Sulphite  solutions  reacting  with  SjHjS, 
alkali  hydrosulphides  form  hyposulphites;  upon  heating  with  SO2  they  give 
sulphates  and  hyposulphites. 

Table  54. — Heat  of  Formation  op  Sulphites 


Molecular  formula 

Molecular  weights 

Molecular  heat 
of  formation 

In  dilute 
solutions 

K,,S,Oi         

32-1-48-1-78  =  158 
32-1-484-46  =  126 

272,600 
261,000 

•Naj.S,Oa          

79.  Hyposulphites  (Met.°S20s).-r-Hyposulphites  of  the  alkalis  and  alkali 
earths  are  readily  soluble  in  H2O;  they  are  effective  solvents  for  some  halides 
(AgQ,  AgBr,AgI) ;  from  these  solutions  alkali  and  alkali-earth  sxilphidfc^  ^1^- 
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cipitate  metallic  sulphides.  Hyposulphites  have  a  tendency  to  form  dc 
salts;  heat  decomposes  hyposulphites:  4Na2S208  =  3Na2S04+Na2Ss;  boflini? 
of  aqueous  solutions  evolves  H2S  and  forms  siJphate,  or  sulphide  if  the  metdl 
in  combination  with  the  H2S2O8  is  precipitated  by  the  HjS.  Hyposulphitttj 
are  converted  into  tetrathionates  (H2S4O6)  by  I,  into  sulphates  by  HNO3,  HO,] 
KCIO3;  a  mineral  acid,  gives  S  and  SO2. 

80.  Selenites  (Met^SeOs)  and  Selenates  (Met^SeOO.— Selenites  area 
soluble  or  sparingly  soluble  in  H20,-are  difficult  to  decompose  by  heat  alone,  are! 
reduced  by  C  to  selenides  or  converted  into  metallic  oxide  and  Se;  they  are  de- 
composed by  sulphuric  and  arsenic  acids.     Acid  and  basic  salts  are  known. 

Selenates  resemble  sulphates  very  much  in  their  general  properties;  mostoi 
them  are,  however,  insoluble  in  H2O;  they  can  stand  a  red  heat  without  being 
decomposed;  they  are  reduced  to  selenides  by  heating  with  C  or  Na2C0s,Qrbj 
heating  in  a  current  of  H. 

81.  Tellurites  (Met.  ^TeOa)  and  Tellurates  (Met^e04).— These  resemble 
very  much  selenites  and  selenates;  tellurites  are  mostly  fusible;  tellurates  wbcB 
heated  give  off  O  and  are  changed  into  tellurites. 

82.  Phosphates  (Met.^3  PaOg).^ — Phosphates  are  as  a  rule  insoluble  in  Btf) 
and  not  decomposed  by  heat.  Many  are  fusible;  most  of  them  are  reduced  to 
phosphides  by  heating  with  C;  they  are  not  decomposed  by  heating  with  SiO^ 

Table  55. — Heat  of  Formation  of  Phosphates 


Formula 


Molecular  weights 


Molecular  heat 
of  formation 


In  dilute 
solution 


(Ca«,P«,0^) I     120+62  +  128  =  310 

(Mg»,P«,08) I       72+62  +  128  =  262 


(Na»,P,0*) 


69+31+  64  =  164 


919,200 
910,600 
452,400 


83.  Arsenates  (Met^s  AS2O8)  and  Arsenites  (Met^AsaOO* — ^Arsenates  are 
isomorphous  with  phosphates;  they  are  insoluble  in  H2O,  but  more  or  less 
soluble  in  acids;  many  are  fusible;  they  are  incompletely,  if  at  all,  decomposed 
by  heat  alone;  heating  with  C  reduces  them.  Arsenites  are  very  unstable 
compounds.  They  are  insoluble  in  H2O;  are  decomposed  by  heating,  thus: 
Met.  AS2O4  =  Met.  0+ AS2O3;  5  AS2O3  =  3  AS2O5+ AS2;  are  converted  into  arsenates 
by  roasting;  are  reduced  to  arsenides  by  heating  with  C. 

84^  Antimonates  (Met°Sb206)  and  Antimonites  (Met^s  SbsOe).— These 
resemble  and  are  similar  to,  the  corresponding  arsenic  compounds. 

85.  Nitrates  (Met."N206). — All  are  soluble  in  H2O,  and  as  a  rule  insoluble 

in  cone.  HNO3;  all  are  decomposed  by  heating  at  comparatively  low  tempera* 

turesas  well  as  by  warming  with  H2SO4. 

*  Basic  Bessemer  Slag:  Matwcieff.,  Rev,  Mit.,  10 10  vn,  848. 
J I     J^\oft\Q,  Metaliurgie,  1910,  yu,  659.    .  , .  .    :  i  . 

.  ILrqll,  /.  /.  and  Si,  I.,  J911, 11,  126.  .  i , 

Steinwcg,  3/«/a//«ri«>,  19^  2,, be,  28.    ,. 
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Table  56. — Heat  of  Formation  of  Nitrates 


Formula 


Molecular  weights 


Molecular  heat 
of      formation 


(K,N,0»).. 
(Na,N,0»). 
(Zn,N»,0«). 
(Pb,N«,0«). 
(Cu.N«,0«) 
(H,N,0«).. 
(Ag.N,0«). 


39+14+48  =  101 

23  +  14+48=  85 

65+28+96  =  187 

207+28+96  =  331 

63.5+28+96  =  187.5 

1  +  14+48=  63 

108+14+48  =  170 


119,000 
110,700 

105,400 

34,400  (gas) 
28,700 


In  dilute 
solution 


110,700 
106,000 
131,700 
98,200 
81,300 
48,800 
23,000 


86.  Silicates  (Met  SijOj)  (See  Slags,  §  191 ). — Metallic  silicates  are  insoluble  in 
H2O,  and  melt  at  high  temperatures.  The  slagged  metal  cannot  be  reduced  by  CO ; 
it  requires  contact  with  solid  C,  and  the  reduction  is  imperfect  unless  another 
body  takes  the  place  of  the  metal.  Some  silicates  are  completely  decomposed  by 
strong  adds,  others  are  not.  Liquid  slags  that  have  been  chilled  in  water,  having 
retained  their  character  of  solutions  and  become  solid  solutions,  are  more  readily 
acted  upon  by  acids  than  slags  which  have  been  allowed  to  cool  slowly,  giving 
the  mineralogical  entities  the  necessary  time  to  form  and  to  crystallize. 

Table  57. — Hkat  of  Formation  of  Silicates 


Starting  from 


1  ,  . 

J.  ci'S 

dcvel 
per  g 

ol. 

.  deve 
per  I 
5  form 

g-cal. 
oped 

g-cal 
oped 
silicat< 

Starting  from 


J.  60 

>  ^    . 

•o  a  2 

V  o 


> 


V  S.  S 

(A 


Reference 


(PeO.SiOt)  . 
(MnCSiOs) 


(BaO.SiOs) 

(CaO.SiOs) 

(aC«O.SiO«) 

(3C*O.SiO«) 

(SrO^O«) 

(AliOt.S2iO«) 

(3C*O.AltOt.  aSiOt) 
(alfflO.AlfOs.  aSiOt) 

aiiO.SiOt) 

(NatCSiOt)  ....... 

(CaCAlflOi) 

(aCaO,AliOi) 

C|C«O.AliOi) 

(SiOt  35S.PeO  39-7 

MnOi.o.CaO  11.4. 

MgO  a. 7.Al«Os  Q.a. 

Co  o.4a,S  0.4a). 

(aPeO.SiOt) 

(PeO  70.80,  SiO« 

ao.ao). 
(PeOs7.S«.CaO 

1a.oo.SiOt30.4a). 
(PeO40.30.CaO 

aS.oo.SiOi  31.70). 


X  0,600 

5.400 

14.700 

17.850 

a8,300 

a8,S5o 

17.900 

14.900 

33.500 

43,800 

65,100 

45.200 

450 

3.300 

a,950 


80 

41 

69 

154 

l6s 

125 

no 

67 

86 

170 

72D 

370 

3 

15 

II 

133 

(Pe,Si,Oi). 
(Mn,Si,Oi). 


(Ba,SiO,.) 

(Ca.Si,0)i 

(Cat.Si.OO  .... 

(Ca»,Si.O») 

(Sr.Si.Oi) 

(AIj.Sij.Ot) 

(Ca..Alj.Sit,Ou) 
(H4.Alj.Sij,0»).. 

(LifSi,Oi) 

(Nat,Si.Oi) 

(Ca.AljQO 

(Cat.AltOi) 

(Cas.AhOi.)  .. .  . 


254,600 

276,300 

328,100 
329.350 
471.300 
603,050 
329,100 
767.500 
1195.550 
927,420 
347.i00| 
326.XOO 
524.550 
658.900 
789.050 


1.929 

2.109 

1.540 
2,839 
2,740 
2,645 
2,019 
3.457 
3.065 
3.595 
3.856 

2.673 
3.220 

3,079 

2,922 


Le  Chatelicr,  Compt.  Rend., 

1895.  cxx,  623. 

Lc  Chatelter.  Compt.  Rend., 

1896.  cxxii,  80. 


Tschemobaeff.  Rev.  Mil., 

1905.  n.  729;  Electro^ 
chem.  and    Met.  Ind., 

1906,  IV,  7a. 


} 


Richards.    FJectrochem. 
and  Met.  Ind.,  1907.  V, 
266. 


22,236,      X09 


140 


19J 


(Pet,  Si.  0«) 


333.636       1.637 


Hofman-Wcn. 

Hof  man-Wen. 

I 

'  Ilofman-Wcn. 


Tr.   A.    1. 
M.       E., 

I91O,  XLI, 
495. 
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86a.  Heats  of  Formation  and  Calorific  Values  of  Hydrocarbons.— In  order 
to  bring  together  in  this  chapter  the  leading  calorific  values,  the  heat  formations 
of  hydrocarbons  and  their  calorific  powers  are  given  in  Table  58. 

Table  58,— Heat  of  Formation  op  Hydrocarbons 


Name 


Porxnula 


Methane  (marsh  gas) 

Ethane  (ethylene  hydride) . 
Propane     (propylene    hy- 
dride). 
Ethylene  (olefiant  gas).  . . . 

Propylene 

Toluene 

Benzene 

Tiirpentine 

Naphthaline 

Anthracene 

Acetylene 

Methyl-alcohol  (wood 

spirit). 
Ethyl-alcohol  (alcohol) . . . . 

Acetone 


(C.H*) 

(C»,H«) 

(C»,H«) 

(C«,H*) 
(C«.H«) 
(C^H•) 
(C«,H«) 

(C",H") 

(C",H«) 

(C".H") 

(C«.H«) 

(C.H«,0) 

(C«,H«.0) 

(C».H«.0) 


Molecular  weights 


xa+  4- 
24+  6- 
36+  8- 

24+  4- 
36+  6- 

84+  8- 
72+6- 


16 
30 
44 

a8 

42 
92 

78 


iao+x6-X36 

120+  8»xa8 

168  +  10-178 

34+  a—   a6 

12+4  +  X6-   32 

34+6  +  16-   46 

36+6  +  16-   58 


Molecular  heat 
of  formation 


aa.aso  (gas) 
36,650  (gas) 
33.850  (gas) 


XX. 350 

6,050 

5,650 

750 

7.950 

7.SS0 

x,8so 

19.450 

24.050 

39,050 

S4.7SO 

65.050 

56,650 

73.250 

63,150 

69.650 

6a,X50 


(gM) 

(gM) 

(liquid) 

(liquid) 

(gas) 

(liquid) 

(gas) 

(soUd) 

(liquid) 

(solid) 

(gas) 

(liquid) 

(gas) 

Oiquid) 

(gas) 

(liquid) 

(gas) 


Heat  of  combastka, 


Molecular 
(Cal.) 


X9X.070 
341. 930 
489.900 

321.770 

471.830 

906.990 

758,130 

765,330 

X.428,930 

1,438.330 

1,333.690 

1.338.390 

x.69O,X50 

365,270 

X48.270 

156,670 

295,330 

305,430 

396.130 

403.630 


X  cbBiL, 

(C»L) 


8.S9I 

X4.4to 
11,23] 


34.44t 

64.71s 


SS.273 
16437 


7,0S« 
13.744 
1S.163 


CHAPTER  V 

ORES 

87.  Ores  in  General. — An  ore^  is  a  metal-bearing  substance  from  which  a 
metal,  alloy  or  metallic  compound  can  be  extracted  at  a  profit.  A  metal-bearing 
substance  usually  consists  of  one  or  more  economic  minerals  and  gangue  (waste 
minerals);  in  many  instances  the  term  stands  for  one  or  more  intermediary 
products  of  metallurgical  operations  which  have  to  be  retreated. 

The  metals  in  the  economic  minerals  occur,  (i)  in  the  native  state  (Au.Ag. 
Cu.Hg.Pt  .  .  .);  (2)  as  oxides  (Fe.Mn.Sn.Cu.Al  .  .  .);  (3)  as  sulphides 
induding  selenides,  tellurideSy  arsenides,  antimonides  (Cu.Pb.Ag.Zn.Ni.Co. 
Bi .  .  .);  (4)  as  haloids  (Ag  •  •  .);  (5)  as  oxygen  salts:  carbonates  (Cu.Pb. 
Zn .  .  .),  silicates  (Cu.Zn  •  .  .),  etc.  Thus  ores  are  spoken  of  as  native, 
oxide,  sulphide,  etc.,  ores.  Ores  are  named  according  to  their  leading  useful 
metals:  Fe,  Cu,  Pb,  Ag,  Cu  .  .  .  ores;  Cu-Pb,  Ag-Au,  Ag-Pb,  Ag-Cu  .  .  . 
ores;  according  to  the  amounts  of  these  useful  metals  they  are  termed  as  rich  and 
po(ff,  first  and  second  dass  ores.  The  character  of  the  gangue  serves  for 
classifying  ores  as  siliceous,  argillaceous,  calcareous,  ferruginous,  or  more  broadly 
as  add  and  basic  (fluxing)  ores.  In  regard  to  the  treatment,  ores  are  spoken  of 
as  smelting  and  milling  (i.e.^  amalgamating  and  leaching)  ores;  the  latter  are 
often  termed  dry  ores  on  account  of  the  scarcity  of  base  metal  present.  The 
sizes  of  the  single  pieces  furnishes  the  distinctions  of  coarse,  medium-size  and 
fine  ores;  the  last  two  may  be  concentrates  and  slimes  from  dressing  works. 

88.  Valuation  of  Ores.' — In  valuing  an  ore,  the  smelter  reckons  the  price 
per  ton  as  the  difference  between  the  market  value  of  the  amount  of  metal 
which  he  expects  to  recover  and  the  cost  of  treatment  plus  the  profit  which 
he  desires  to  make.    The  value  F  of  a  ton  of  ore  to  the  smelter  may  be  expressed 

in  a  general  way  by  F=  — ^Xm— (r+-P),  in  which  a  is  the  assay  value  in  per 

cent.,  y  the  metal  yield  in  per  cent.,  m  the  market  price  of  a  ton  of  metal,  T  the 

a—y 
total  cost  of  treatment,  and  P  the  profit.     With  complex  ores,  the  value  —  Xm 

has  to  be  determined  for  each  useful  metal.  In  the  United  States  there  is  no 
generally  accepted  standard  for  valuing  ores;  it  varies  with  the  metals  and  the 
customs  of  mining  districts  and  smelting  centers;  whatever  the  differences  as  to 
detaQ,  the  general  principle  given  above  remains  unchanged. 

^  Kemp,  /.  Canad.  Min»  InsL,  1909^  xii,  356. 

*  Kursch,  P.,  "Die  Untersuchung  und  Bewertung  von  Erzlagerstatten,"  Enke,  Stuttgart. 
igiilKreuiZyGilckauf,  1905,  xli,  1077,  1626. 
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CHAPTER  VI 


FUEL> 

89.  Combustion. — ^The  term  combustion  denotes  an  oxidation  of  sufficiali 
rapidity  to  be  attended  by  an  evolution  of  heat  and  light.  Fuel  may  be  defined 
as  any  substance  which,  being  rapidly  burned  in  air,  evolves  heat  capable  oE 
being  applied  to  industrial  purposes.  The  common  heat-produdng  elemenls 
are  C  and  H.  In  certain  processes,  such  as  converting,  pyritic  smelting,  roast- 
ing, the  oxidation  of  Si,  P,  S  and  of  metal,  furnishes  all  or  part  of  the  requind 
heat.  For  combustion  to  begin  and  to  continue,  the  combustible  must  be 
brought  to  the  kindling  temperature  (ignition-point).  This  varies  with  the 
chemical  constitution  and  porosity  of  the  combustible  and  the  pressure  of  the 
atmosphere.  Massive  carbon  does  not  ignite  nor  bum  as  readily  as  when  it  is 
finely  divided  (spontaneous  combustion);  at  a  great  altitude  combustion  pro- 
gresses more  slowly  than  at  sea-level.^ 

Table  59. — Kindling  Temperatures  op  Fuels 


Solid 


Dcg.  C. 


Gaseous 


Deg.  C. 


Dry  peat 

Bituminous  coal 

Pine  wood! 

Charcoal,  made  at  350°  C. 
Charcoal,  made  at  1,250°  C. 

Anthracite 

Coke 

Mine  timbers* 

Bituminous  coaP 


22$ 
326 

395 
360 

650 

700 

700 

200-400 

400 


Hydrogen 

Carbon  monoxide,  moist 

Ethylene 

Acetylene 

Hydrogen  sulphide 

Methane 

Ethane 

Benzene 

Illuminating  gas 

Water  gas 

Enriched  producer  gas. 


58s 

651 

543 
429 

364 

650-750 
520-630 


580-590 
644-65« 
542-547 
406-440 

650-750 

406-440 

580-590 

644-658 
644-658 


*  Works  on  General  Metallurgy,  given  p.  2;  further: 

Percy,  J.,  "Metallurgy,  Introduction,  Refractory  Materials,  and  Fuel,"  Murray, London, 

1875. 

Groves,  C.  E.,  and  Thorp,  W.,  "Chemical  Technology,"  Vol.  i,  chapter  on  "Fudind 

Its  Applications,"  by  E.  J.  Mills  and  F.  J.  Rowan,  Churchill,  London,  1889. 

Sexton,  H.  A.,  "Fuel  and  Refractory  Materials,"  Blackie  &  Son, London,  1910. 

Fischer,  F.,  "Chemischc  Technologic  der  BrennstofTe,"  Vieweg,  Brunswick,  1897-1901. 

Colomcr,  F.,  and  Lordier,  C,  "Combustibles  Industriels,"  Dunod,  Paris,  1906. 

Von  jQptncr,  H.,  and  Nagel,  O.,  "Heat  Energy  and  Fuels,"  McGraw-Hill  Book  Ca, 

New  York,  1908. 

2  Palmer,  En^.  and  Min.  /.,  1906,  lxxxi,  134. 

'  Hall,  Tr.  Inst,  Min.  Eng.y  1908-09,  xxxvi,  2. 

*  Average  temperatures  of  Dixon-Coward,  Proc,  Chcm.  Soc.y  1909,  xxvi,  67. 

*  Grebel,  GSn,  Civ,,  191 2,  lxi,  256;  Eng,  Min,  /.,  191 2,  xciv,  447. 
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When  a  fuel  is  once  ignited  combustion  will  continue  if  the  heat  evolved  ii 
suiBcient  to  keep  the  temperature  of  the  substance  above  the  ignition -poin t ;  il 
not,  combustion  will  cease  as  soon  as  the  external  source  of  heat  which  brought  ' 
the  fuel  to  the  kindling  temperature  is  withdrawn.  Combustion  can  be  perfect 
(complete)  or  imperfect  (incomplete).  It  is  perfect  when  the  constituents  of 
a  fuel  are  brought  to  the  highest  state  of  oxidation  or,  what  is  the  same,  to  the  , 
state  evolving  the  largest  amount  of  heat,  viz.,  C  to  COj,  Hs  to  HjO.  It  is 
imperfect  when  the  constituents  of  a  fuel  are  brought  only  to  a  lower  state  of 
oxidation.    If  part  of  the  fuel  remains  unchanged,  the  combustion  is  insufficient. 

The  amount  of  air  theoretically  required  for  perfect  combustion  is  found  by  a 
simple  calculation:  C+0j  =  C0i  or  12+2X16=44;  i  kg.  of  C.  requires  2.667 
kg-  of  O.  In  the  same  manner  i  kg.  of  H  requires  8  kg.  of  O.  As  i  kg.  of  0 
corresponds  to  4.33  kg.  of  air  (air=0  23.10  per  cent.+N  76.90  per  cent,  weight, 
Of  0:N  =  i  :3-33),  1  kg.  of  C  will  require  2.667X4.33  =  11-548  kg.  of  air;  and 
jkg.of  11,8X4.33=34.640  kg.  Hence  the  weight  of  air  theoretically  necessary 
1.548  C+34-640  H 


(or  the  perfect  combustion  of  i  kg.  of  fuel  = 
C  =  per  cent,  carbon  and  H=  per  cent,  available 
If  the  volume  of  a 


kg.,  in  which 


H- 


nccessary  is  desired  instead  of  the  weight,  it  may  be 

found  from  the  latter  by  X ,       " cbm.,  in  which  1.2936  kg. 

Stands  for  i  cbm.  air  at  0°  C,  and  760  mm.  pressure;  1+0.00366  for  expansion 
coefficient  of  gas;  6  for  the  barometric  pressure  in  mm.,  and  /  for  the  temperature 
ia-C. 

A  simpler  way  is  to  calculate  the  volume  directly.     Starting  with  the  fact 
that  0.54  is  the  weight  of  C  in  i  cbm.  COi  at  0°  C.  and  760  mm,  pressure,  we 
cbm.  COj.     From  Table  64  it  is  seen  that  the  volume  of  C0» 


.  kg.C_ 
0.54 


found  is  equal  to  the  volume  of  O  required.     Therefore,  dividing  the  above 

result  by  0.208,  the  amount  of  O  in  normal  air,  will  give  directly  the  volume  of 

air  under  standard  conditions,  i.e.,  0°  C.  and  760  mm.  pressure. 

In  actual  work  as  much  as  twice  the  theoretical  amount  of  air  is  required. 

Let  a  fuel  have  the  composition;  C  76.1  per  cent.,  H  5.1  per  cent.,  O  8.8  per 

cent.,  HiO  5.0  per  cent.,  ash  5.0  per  cent-  =  100  per  cent.    The  available  H  is 

found  by  16  0:2H  =  8.S:jr,  a:=i.i,  .'.  5.1  — i-i  =4-0  available  H.     According 

■  ,..,,.          ,         .u                      -J  1 1-548X  76. 1+34-640X4-0 
■to  the  formula  given  above  there  are  required  = 

|l0.i7  kg.  air;  according  to  Table  60:  11.555X0.761+34.664X0.04  =  10.18  kg., 
r  at  o"  C.  and  760  mm.,  7.86  cbm. 

The  conditions  necessary  for  perfect  combustion  are:  (1)  that  air  in  suffi- 

lent  quantity  be  brought  into  intimate  contact  with  the  fuel;  (2}  that  it  be 

"^%*cn  sufficient  lime  to  act,  and  (3)  that  the  temperature  most  suitable  for  the 

combustion  be  maintained  throughout.   As  an  intimate  mixing  of  gaseous  fuel 

and  air  b  more  readily  obtained  than  of  solid  fuel,  the  excess  air  necessary  can 

I  be  smaller  with  gaseous  fuel.     The  mixing  is  better  accomplished  if  gas  and  air 
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travel  at  a  different  speed  and  meet  at  an  angle  than  if  they  have  the 
velocity  and  come  in  contact  as  parallel  sheets.  The  excess  air  required  by^i' 
solid  fuel  depends  largely  upon  its  porosity.  The  more  porous  the  {ud,Ae' 
greater  will  have  to  be  the  excess  in  order  to  bum  it  completely  in  a  given  tiaci:| 
and  this  on  account  of  the  many  points  of  attack;  conversely,  with  a  g^ 
amount  of  air,  a  porous  or  finely  crushed  fuel  will  give  more  CO  than  ili 
dense  fuel  or  a  fuel  in  lump  form,  and  this  on  account  of  the  lack  of  0.  Cakog 
and  splintering  or  crumbling  of  solid  fuels  which  hinder  &ee  access  of  air  tead 
toward  imperfect  combustion. 

Table  6o. — Oxygen  and  Am  Required  for  Perfect  Combustion^ 


„    m 

T 


I  Kg. 


Requires  kg. 

Product  of  combustion 

Nitraga 

Oxygen 

Dry 
air 

• 
Composition 

• 

Kg. 

taken  fiM 
•ir,k|. 

c... 

CO.. 
H.... 
CH«. 
C.H4. 
Fe... 
Fe. .. 
Si.... 
P.. 


Mn o.  291 


1 

1-333 

5.777 

2.667 

"■555 

0.571 

2.472 

8.000 

34.664 

4.000 

17.332 

3.429 

14.858 

0.286 

1.238 

0.429 

1.857 

1. 143 

4.953 

I.  290 

5.586 

0.  291 

I.  261 

1. 000 

4-333 

CO 

CO, 

CO, 

H,0 

CO,,H,0 
CO,,H,0 

FeO 

Fe,0,.... 

SiO, 

P,0» 

MnO. . . . 
SO, 


2-333 
3.667 

1.571 
9.000 

2.750,  2.250 

3.143, 1.286 

1.286 

1-439 

2.143 
2.290 

I.  291 

2.000 


4.444 

8.888 

1. 901 

26.664 

13.33a 

11.429 

0.9SJ 

1.42ft 

3.810 
4.296 
0.970 

3.333 


With  ordinary  fuels,  i.e.,  those  in  which  C  and  H  are  the  leading  heat-pro- 
ducing constituents,  CO2  and  H2O  are  the  products  of  perfect  combustion.  If 
these  are  brought  to  a  high  heat  they  are  liable  to  be  split  (dissociated)  into 
their  constituents.  Deville^  taught  that  the  dissociation  of  HjO  bq;an  at 
1,000^  C.  and  was  complete  at  2,500^.  This  was  accepted  until  Mallard  and 
LeChatelier^  found  that  dissociation  was  hardly  perceptible  at  3,480®  C.  Dc- 
ville*  also  believed  that  the  dissociation  of  CO2  began  at  1,200®  C.  and  was  com- 
plete at  2,000°.  Mallard  and  LeChatelier  found  that  it  did  not  even  begin  at 
2,000°  and  that  only  30  per  cent,  was  thus  split  up  at  3,200®  C.  According  to 
Langer-Meyer,*  2  CO  is  only  slightly  decomposed  into  C  and  COi  at  1,700®  C. 

*  From  jQptner,  H.  von,  "  Die  Untcrsuchung  von  Fcuerungsanlagen,"  Hartleben,  Vienna, 
1891,  p.  69;  Mn — »MnO,  omitted,  S— ♦SO,  added,  some  data  corrected. 

*  Compt.  Rend,f  1863,  lvi,  195,  392. 

*  Ann.  Mines y  1883,  iv,  379. 
*0p,  cH.y  p.  729. 

* "  Pyrotechnischc  Untersuchungcn,"  Viewcg,  Brunswick,  1885,  p.  61. 
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Dissociation  can  therefore  be  neglected  as  far  as  carbon-heated  furnaces  are 
concerned;  it  has  to  be  considered  with  electrical  furnaces. 

Combustion  of  a  fuel  is  usually  attended  by  the  emission  of  light.  This  may 
be  a  simple  glow,  as  is  the  case  with  charcoal  or  coke  free  from  gas,  or  the  fuel 
may  burn  with  a  more  or  less  luminous  flame,  which  will  be  the  case  when  the 
fuel  is  a  gas  or  a  solid  which  evolves  combustible  gases  or  vapors  upon  being  . 
heated.  If  it  is  a  gas,  the  flame  may  be  very  long;  if  a  solid  giving  o£f  gases  or  ] 
vapors,  it  will  be  comparatively  short.  According  to  the  amount  of  combusti- 
ble gas  evolved,  solid  fuels  are  sometimes  spoken  of  as  long-  and  short -flame  fuels. 

It  is  generally  stated  that  the  flame  of  fuel  may  be  oxidizing,  neutral  or  re- 
ducing according  to  the  relative  proportions  of  gas  (vapor)  and  air  used.    An 
o.tidizing  flame  is  readily  obtained,  a  neutral  flame  has  only  an  imaginary  exis-   . 
tence,  and  in  large-scale  work  the  reducing  flame  can  only  be  approximated  in  a  J 
carbon-heated  furnace.     A  reducing  atmosphere  is  readily  maintained  in  ao 
electric  furnace.     If  in  burning  carbonized  fuel  a  flame  is  occasionally  seen,  this 
can  be  due  to  two  causes:  either  the  C  is  burning  with  an  insufficient  amount 
of  air  to  CO,  and  this  burns  with  a  flame  toC03;orC03  formed  is  being  reduced 
to  CO  by  coming  in  contact  with  incandescent  C  and  then  burns,  forming  I 
again  COj.  J 

The  heat  generated  by  the  combustion  of  a  fuel  may  be  transmitted  by  con- 
tact or  by  radiation.  The  former  will  be  mainly  the  case  with  fuels  that  are 
free  from  gas  (charcoal,  coke),  the  latter  with  flaming  fuels,  although  not 
exclusively  so.  F.  Siemens'  maintained  that  the  only  proper  method  of  heating 
with  a  flame  was  by  radiation.*  But  it  is  a  fact  of  every  day  experience  that 
contact  of  a  flame  with  a  solid  is  harmful  only  when  this  has  a  cooling  effect; 
otherwise  it  is  advantageous,  as,  e.g.,  with  the  perforated  fire-wall  of  a  boiler. 
In  order  to  furnish  the  flame  free  space  in  which  to  develop  without  obstruc- 
tion, furnaces  are  now  constructed  with  larger  combustion  chambers  than  was 
common  in  order  to  assist  a  thorough  mixing  of  gas  and  air,  and  to  give  the 
products  of  combustion  a  better  chance  to  act  upon  the  charges  (old  and  new 
copper  reverbcratory  smelting  furnaces). 

90.  Heating  Effect  of  Fuels. — In  determining  the  effect  a  fuel  produces  in 
combustion  a  distinction  is  made  between  the  power  and  the  intensity.  The 
caiorific  poxtxr  is  the  amount  of  heat  a  given  weight  of  fuel  evolves  in  perfect 
combustion.  It  is  independent  of  the  time  taken.  The  calorific  inUnsily  or 
pyrametric  effect  is  the  degree  of  heat  evolved  by  a  given  weight  of  fuel  in  perfect 
combustion  in  air  at  0°  C.  and  760  mm.  pressure.  This  theoretical  maximum 
temperature  is  inversely  projxirtional  to  the  time  occupied  in  producing  it. 

91.  Calorific  Power.' — There  exist  two  units  for  measuring  heat  vcdues. 
'  /.  /.  dud  St.  IhsI.,  18S4.  II,  434. 
■  RtvOTbcrslory  furnace  of  the  Kedabcg  Copper  Works,  Min.  Ind.,   1897,  vi,  346; 

Tr.  Imtt.  Uin.  Met.,  1904-05,  xiv,  497. 

'Poole,  H,,  "The  Calori&c  Power  of  Fuels,"  Wiley,  New  York,  1900. 

Maliler,  P.,  "Etudes  sur  les  Combustiblci  Solidcs,  Liquidei  ct  Gaxcun,  Mcsurc  dc  Icur 
pDuvoir  Calodfiquc,  Bftangcr,  Vath,  1903. 

GlikiD,  W.,  "Kalorimctrische  Mcthoden,"  BotntiHser,  Berlin,  191 1. 
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The  majority  of  metallurgists  use  the  metric  unit  or  gram-calorie  (cal.),  whiAil 
the  amount  of  heat  required  to  raise  the  temperature  of  i  g.  of  HjO  i®  C.  Dk 
practical  purposes  the  kg.  is  substituted  for  the  g.,  we  have  the  kilogram-cakir| 
(Cal.).  In  order  to  obtain  a  figiu'e  i,ooo  times  as  large  as  the  gram-cakm^l 
Berthelot  expresses  the  values  in  Cal.,  using,  however,  the  gramas  the  baas tf 
the  laboratory  experiment.  Ostwald  does  away  with  the  decimal  point  d 
Berthelot  by  using  a  unit  loo  times  as  large  as  the  gram-calorie  and  calls  it  K. 
Thus  12  g.  C.  develop  97,200  cal.  =  97.2  Cal.  (Berthelot)  =  972  Z.  (Ostwald);ii 
kg.  C.  =  97,200  Cal.  In  metallurgical  treatises  the  heat  evolved  is  of  ten  re- 
ferred to  the  unit  weight  (i  g.  of  C.  instead  of  to  the  combining  weight  (12  g.d 
C).  Thus  the  calorific  power  of  C.  has  been  and  is  still  frequently  given  is 
97,2oo-M2  =  8,100.  Using  the  combining  weights,  however,  generally  fadB- 
tates  calculations.  The  calorific  power  of  i  g.  of  C.  in  its  different  allotiopic 
states  (diamond,  graphite,  charcoal)  shows  a  range  of  from  7,770  to  8,080  cal.^ 
Griiner^  states  that  the  figure  9,000  for  fuels  gives  results  which  accord 
best  with  experimental  facts.  The  figure  8,100  of  J.  W.  Richards'  is  used  here; 
in  most  metallurgical  treatises  8,080  is  the  common  number. 

Mechanical  engineers  use  the  British  Thermal  Unit  (B.  T.  U.)  which  is  the 
amount  of  heat  needed  to  raise  the  temperature  of  i  lb.  HjO  1°  F.  i  cal.= 
3.968  B.  T.  U.,  and  i  B.  T.  U.  =  0.252  cal. 

In  the  table  of  heat  of  formation  of  oxides  (p.  72,  73)  the  calorific  power  of 
CO  and  CO2  are  given  as  29,160  and  97,200.  It  seems  strange  at  first  thatC 
burning  to  CO  should  evolve  less  than  1/3  the  heat  than  when  burning  with 
twice  the  amount  of  O  to  CO2.  The  probable  explanation  is  that  heat  is 
rendered  latent  by  the  passage  of  C  from  the  solid  state  to  that  of  vapor. 

The  calorific  power  of  a  fuel  can  be  found  either  by  calculation  or  by  experi- 
ment in  the  laboratory.  Mechanical  engineers  often  express  the  heating  power 
of  a  fuel  in  terms  of  evaporating  power,  i.e.,  the  pounds  of  H2O  a  fuel  can  evapo- 
rate in  a  suitably  constructed  boiler.*  The  results  obtained  will  always  be  low 
and  can  have  only  a  relative  value,  as  they  depend  upon  the  heating  plant,  the 
condition  of  the  boiler  and  the  manner  of  firing.  It  seems  more  advantageous 
to  make  a  number  of  small  laboratory  tests  and  average  the  results;  discrepan- 
cies found  will  be  due  to  the  inaccuracy  of  the  samples  used. 

92.  Calculation  of  the  Calorific  Power  of  Solid  and  Liquid  Fuels.— This 
method  is  based  upon  the  supposition  that  the  calorific  power  of  a  fuel  is  equal  to 

*  Favre  and  Silbermann,  Ann.  chim.  phys.,  1852,  xxxiv,  357. 

*  GrUner,  "Trait6  de  M^tallurgie  G^n6ralc,"  i,  p.  52. 
'  "Metallurgical  Calculations." 

*  Kent,  W.,  Tr,  A.  I.  M.  £.,  i88s-86,xiv,  727;  **  Steam  Boiler  Economy,"  WUey,  New  York, 
1901. 

Poole,  op,  cit.y  p.  109. 

Fischer,  F.,  "Chemische  Technologic  der  Brcnnstoffe,"  1897,  i,  130,  161,  382. 

Kerl-Stohmann,  **Handbuch  der  chcmisch-tcchnischen  Chemie,  Vieweg,  Bruns'vifk, 
1893,  IV,  272. 

U.  S.  Geol.  Survey,  Bulletins  261  (Parker),  and  290  (Holmes);  Prof essional  Paper  Na 
48  (Parker-Holmes-Campbell). 

Campbell,  Econ.  Geol.,  1907,  u,  285;  Mines  and  Minerals,  1908,  xxviii,  312. 
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f  ^  .the  sum  of  the  calorific  powers  of  its  components  in  perfect  combustion.  The 
Itsults  obtained  are  likely  to  be  too  high,  as  the  method  takes  no  account  of  the 
•mounts  of  heat  necessary  to  decompose  the  fuel  and  to  gasify  the  constituents. 
IWong  first  proposed  this  method;  his  formula  for  a  fuel  consisting  of  C,  H  and 
Ois: 

8,iooC+34,5oo^H-g 


100 

in  which  C,  H  and  O  are  given  in  per  cent.  It  will  be  noticed  that  only  the 
\  available  H  is  considered,  i.e.,  that  which  is  in  excess  of  the  proportion  iH  :80, 
f       the  ratio  in  which  the  two  elements  combine  to  form  water.    Although  the  O 

of  a  fuel  is  not  known  to  be  present  in  this  combination,  as  far  as  practical 

purposes  are  concerned,  it  may  be  considered  as  virtually  existing  in  this  form. 

And  only  the  available  H  forms  a  source  of  heat. 

If  the  S  of  a  fuel  is  to  be  taken  into  consideration  as  a  source  of  heat,  the 

Dulong  formula,  supposing  the  S  to  be  burnt  to  SO2  and  some  to  SOs  will  be 

changed  to 

8,100  C+34,Soof  H-  gj+2,250  S^ 

100 

In  the  preceding  formulae,  the  water  formed  in  combustion  is  assumed  to  be 
liquid  water,  f.«.,  water  below  100°  C.;  if  it  remains  uncondensed,  as  is  the  case 
in  practically  all  metallurgical  operations,  its  latent  heat  of  vaporization  must 
be  included  in  the  formula.    This  will  then  be  changed  to 

8,100  C+34,500  f  H-  g  j  +  2,2SO  S-537  H2O 

100 
Taking  as  an  example  a  bituminous  coaP  from  Palestine,  0.,  of  the  composi- 
tion: C  73.64,  H  5.06,  O  9.47,  N  1.24,  S  2.34,  ash  8.25  per  cent.,  its  calorific 
power  with  liquid  water  will  be  7,350  cal.,  and  with  steam  at  100°  C.  only  7,105 
cal.,  as  5.06  H  give  5.06X9=45.54  H2O,  which,  multiplied  with  the  heat  of 
vaporization  at  loo*'  C.  and  divided  by  100,  gives  in  round  figures  245  cal.,  and 
7,350—245  =  7,105.  The  commercial  formula  for  bituminous  coal  adopted  by 
German  engineers  is: 

8,100  C+29,ooo(  H— Q  1+2,500  S— 600  W 

c.  p. N.  -J'' 

100 

in  which  H  is  assumed  to  be  burnt  to  steam  of  100°  C,  and  the  value  W  to 
represent  the  percentage  of  moisture. 

In  order  to  do  away  with  the  necessity  of  making  an  ultimate  analysis  of  a 
fuel,  Gmelin*  devised  the  following  empirical  formula  for  calculating   the 

'  Mahler's  total  acidity  figure:  Lord-Haas,  Trans.  A.  I.  M.  £.,  1897,  xxvii,  262,  264. 
'Lord-Haas,  Trans.  A,  /.  M,  £.,  1897,  xxvii,  266,  bituminous  coal  No.  40. 
*OcsL  ZL  Berg'HiUtenw.,  1886,  xxxiv,  365. 
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calorific  power  of  solid  fuels  which  requires  only  the  determination  of  tliepet< 
centages  of  hygroscopic  water  and  ash:  C.  P.  =  (ioo— (w+a))X8o— CX6Xi. 


Per  cent,  water. 
C 


<3 

-4 


3-45 
6 


4S-8S 

12 


8.S-I2 

lO 


I2-20 
8 


20-28 

6 


>28. 

4 


In  it  w=  i>er  cent.  HjO,  fl=  per  cent,  ash,  C=  constant  varjring  with  per- 
centage of  H2O.  The  formula  is  based  upon  the  observed  fact  that  in  a  solid 
fuel  a  relation  exists  between  the  i>ercentages  of  O  and  HsO,  and  that  both 
depend  to  some  extent  upon  its  porosity.  If,  therefore,  the  percentage  of  Efi 
is  determined,  the  figure  may  be  used  to  judge  of  the  percentage  of  0,  and  to 
thus  approximate  the  calorific  power.  The  calorific  power  of  the  above  bitu- 
minous coal  of  Palestine,  Ohio,  would  be  [(100— (2.4S+8.25)]8o— (— 4X6X 
2.4s)  =  7,202  cal.    Comparative  figures  are  given  in  Table  62. 

Jiiptner^  proposed  a  formula  for  solid  fuels  based  upon  the  ratio  Vol.  H-C 
and  Fixed  C,  and  the  amounts  of  O  required  for  their  complete  combustion. 

Goutal*  calculates  the  calorific  power  of  i  kg.  of  coal  according  to  the  formula; 

C.  P.  =  82  C+dV 

in  which  C  is  the  percentage  of  fixed  C,  V  the  volatile  hydrocarbon,  andaa 
factor  dei>ending  upon  the  percentage  of  volatile  hydrocarbon  F'  of  the  pure 
coal  free  from  ash  and  water,  i.e.,  of  F.C.+V.H-C.  The  values  forawitk 
coals  in  which  V  is  below  40  per  cent,  are  given  in  Table  61. 

Table  61. — Goutal's  Factors  for  Calculation  op  Calorific  Power 


v 

a 

V 

a 

V 

a 

V 

a 

Per  cent. 

cal. 

1 

'  Per  cent. 

1 

1 

cal. 

Per  cent. 

cal. 

1 

Per  cent. 

ciL 

i-S 

1 
1 
100 

1 

i    14 

1 
120   1 

i    23 

los 

1 

32 

97 

5 

MS 

1    15 

i 

117   I 

1    ^^ 

104 

33 

96 

6 

M2   , 

1    16 

"S 

25 

103 

34 

95 

7 

139   ' 

17 

"3 

1    26 

102   1 

35 

94 

8 

136 

18 

1 

112 

1 

27 

lOI 

36 

91 

9 

133 

19 

no   1 

28 

100   , 

37 

88 

10 

130 

20 

109   ' 

29 

99   1 

38 

85 

II 

127 

'    21 

108 

30 

98   ' 

39 

82 

12 

124 

22 

107 

31 

97   1 

40 

80 

13 

122 

i 

1 

1 

1 

^  Op,  cU.,  1893,  XXXIV,  420. 
Ahrens,  ''Sammlung  chemischer  und  chemisch-technischer  Vortrftge/'  Enke,  Stuttgart, 
1898,  n,  423;  Feuerungstechnik,  191 2,  i,  120,  140. 
*  EUctrochem,  Metal.  Ind.,  1907,  v,  145. 

Mahler,  P.,  "Etude  sur  les  combustibles,  etc.,"  Baudry,  Paris,  1903,  p.  83;  also  Damour, 
£.,  and  Queneau,  A.  L.,  "Industrial  Furnaces,  etc.,"  Eng.  and  Min.  J.,  New  York,  1906,  p.  221. 
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\         A  coal  contains  F.C.  86.70,  V.  H-C.  10.05,  ash  1.45,  H2O  1.80  i>er  cent.,  then 
V.H-C  lo.os  per  cent.,  calculated  upon  the  basis  of  pure  fuel  is: 

^^  _VX  100 _  10.05X100  __ 

C+V"""  86.70X^.5"^°''* 

The  factor  in  Table  61  nearest  to  10.4  being  129,  the  C.P.  =  82  X  86.7+1 29  X 

10.05=8,406  cal.     Direct  experiment  in  the  bomb  gave  8,404  cal.    The  data 

assume  the  water  vapor  to  have  been  condensed;  for  the  practical  C.P.  with 

non-condensed    vapor    the    necessary    correction    will    have    to   be    made. 

Lenoble^  simplifies  the  formula  of  Goutal  by  eliminating  the  factor  a,  and 

gives  it  the  form: 

08  C  W 

C.P.  =  82C+73.66F+^^^Y'  ^^^' 
He  finds  that  values  higher  than  8,700  cal.  cannot  be  obtained  and  proposes 

C.  P.  =  87.4  (100- A")  cal. 

in  which  K  is  the  sum  of  the  i>ercentages  of  HjO  (drying  2  hrs.  at  105°  C.)  and 

of  ash  of  the  coal. 

f  92a.  Determination  of  the  Calorific  Power  of  Solid  and  Liquid  Fuels. — ^The 

simplest  way  of  approximately  determining  the  calorific  power  of  a  solid  fuel 

is  by  the  assay  method  of  Berthier.'    It  is  based  on  the  theory  of  Welter  that 

the  amount  of  heat  evolved  in  perfect  combustion  is  proportional  to  the  quantity 

of  0  consumed,  and  Berthier  proposed  to  oxidize  the  fuel  at  the  expense  of  the 

Oof  PbO  and  to  weigh  the  resulting  lead  button.    Welter's  theory,  however,  is 

not  correct,  as  i  kg.  of  O  combining  with  C  to  form  COj  evolves  8,100X3/8= 

3,037  cal.,  and  i  kg.  of  O  combining  with  H2  to  form  gaseous  H2O  evolves 

29,030:8=3,630  cal.    Further,  in  the  equations:  2PbO+C  =  Pb2+C02  and 

PbO+H2  =  Pb+H20,  three  kg.  of  C  reduce  the  same  amount  of  lead  as  does  i 

kg.  of  H.    As  the  combustion  of  C  forms  the  basis  of  calculation,  the  values 

obtamed  by  the  Berthier  method  will  be  too  low;  they  will  be  the  less  accurate 

the  higher  the  percentage  of  available  H. 

Mode  of  Operation. — One  g.  of  dried  and  finely  pulverized  fuel  (wood  is 
rasped)  is  mixed  with  40  g.  PbO  (passed  through  bolting  cloth),  charged  in  a 
deep  dose-grained  clay  crucible,  covered  with  30  g.  PbO  and  0.25  in.  powdered 
glass.  The  crucible,  which  should  not  be  more  than  half  full,  is  covered  with  a 
lid,  luted,  heated  slowly  in  a  pot-  or  muffle-furnace  until  boiling  ceases,  brought 
to  a  bright-red,  kept  there  45  min.,  removed  from  the  furnace,  tapped  and  al- 
lowed to  cool.  When  cold,  it  is  broken,  the  lead-button  freed  from  slag,  which 
b  to  be  examined  for  shots  of  lead,  and  weighed.  Weights  of  duplicate  assays 
ought  to  agree  within  o.i  g. 

Forchhammer*  proposed  to  replace  PbO  by  Pb20Cl2  as  being  more  readily 
fusible  and  therefore  active  at  a  lower  temperature  than  PbO,  and  also  less 

^BuU.Soc,  Ckim.f  1907,  i,  111-114;  //.  Gasbeleucht.,  1907,  xlviii,  1006;  Chem.  Centralblatt^ 
1907,  I,  1150. 

'  ''Traits  des  Essais/'  Thomine,  Paris,  1834,  i,  229. 
'  Berg,  HUUenm.  Z.,  1846,  v,  465. 
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corrosive.  It  is  prepared  by  fusing  3  pt.  red  PbO  and  i  pt.  PbCIj  in  a  clay  cru- 
cible and  finely  pulverizing  the  product. 

According  to  2PbO-|-C  =  Pbj+COj,  i  g.  C  reduces  34  g.  Pb.     As  C  :  C  in 

fuel =34  :a,  —  gives  the  relation  of  the  fuel  in  question  to  pure  C.  hetcg.,  the 
weight  of  the  lead  button  from  i  g.  fuel  be30g.,  then  30  :  34=0.882;  or  the  fuel 
contains  88.2  per  cent.  C,  and  its  calorific  power  is  8,100X0.882  =  7,144  cal. 
Comparative  results  are  given  in  Table  62.  For  additional  data  consult 
papers  by  Camot,'  John-Fullon,*  Noyes-MacTaggart-Craver,*  John-Eichleiter,* 
Kerr,'  and  Mills-Rowan.' 

The    calorimetric    method    of    experimentally   determining    the   calorific 
power  is  the  most  reliable.     It  consists  in  burning  a  known  weight  of  fuel  in  0, 


Fic.  46. — The  Mahler  calorimetric  bomb. 


cooling  the  products  of  combustion  in  a  Icnown  weight  of  water  and  measuring 
the  rise  of  temperature. 

Mahler  Boub  Calorimeter. — Of  the  many  calorimeters  that  have  been 

devised,  that  of  Bcrthelot  and  Mahler'  is  the  simplest.     It  is  shown  in  figure  46. 

A  is  a  non-conducting  jacket  of  thin  sheet  brass,  9  1/16X5  7/^  '"-i  't  rests 

upon  a  wooden  support  and  is  placed  in  a  double-walled  insulating  vessel,  7  1/16 

'  Ann.  Mines,  1S79,  xvi,  436. 

^J.I.andSl.Imi.,  1891,1,  317;  Berg.  HiUUntn.  Z.,  1893.  ui.  89. 
•J.  Am.  Ckem.  Soc,  1895,  y\'ii,  847. 
*Btrg.  Hatlenm,  Z.,  189s,  Liv,  371. 
'  Tr.  Am.  I.  Mtch.  Eng.,  1900.  xxi,  304. 
'"Fuel,"  p.  713. 

^Mahler,  Bull.  Soc.  d'Enc,  1891,  vi,  704;  full  abstract  Coll.  Guard.,  1893,  lxii,  147,  ac^, 
137.385.  331- 

Thwaite.  /.  /.  and  St.  Inst..  1S91,  i,  189. 
Kent,  Mtn.  lad.,  1891,1.97. 
LUrmann,  Slahl  u.  Eisfn,  1893,  fii,  52. 
Struthers,  Sch.  Mfin.  Quart.,  1S94-95,  xvi,  aoi. 


FUEL  113 

in.  high,  with  felt  covering  (3/8  in.)  and  a  space,  2  3/8  in.,  containing  water 
at  room  temperature.  B  is  the  combustion  chamber  or  bomb,  nickel-plated  on 
the  outside,  enameled  on  the  inside,  34  cu.  in.  capacity,  5  7/8X3  15/16  in., 
thickness  of  wall  5/16  in.,  weight  4  kg.  or  8.8  lb.  C=platinum  tray,  1/8  in. 
diam.  and  3/16  in.  deep,  suspended  by  platinum  rod,  1/16  in.  diam.,  to  receive 
the  fuel  to  be  tested.  Z>= calorimeter  vessel  filled  with  water.  £= isolated 
dectrode.  F=ignition  wire,  iron  No.  26  to  30  B.W.G.  or  fine  platinum.  G= 
agitator  stand.  IT = agitating  mechanism.  L= lever  of  agitator.  Jkr= pres- 
sure gauge.  0= oxygen  holder  with  1,200  liters  O  at  120  atm.  pressure,  good 
for  100  tests.  P= bichromate  battery  of  2  amp.  at  12  volts.  5= agitator. 
r=thermometer  reading  to  0.01°  C. 

The  mode  of  operating  is  as  follows:  The  bomb  having  been  washed  out,  but 
not  necessarily  dried,  is  ready  to  receive  its  charge.     Clamp  the  platinum  tray 
with  its  pan  c  and  the  electrode  rod  c,  connect  the  two  by  an  iron  or  platinum 
ignition  wire;  pour  into  the  tray  pulverized  fuel,  using  with  bituminous  coal 
slightly  over  i  g.     If  the  fuel  is  too  coarse,  it  agglomerates,  if  too  fine  it  dusts. 
See  that  the  ignition  wire  dips  into  the  fuel.     Transfer  the  top  with  its  charge  to 
the  bomb,  tighten  the  screw  with  a  wrench  making  certain  that  the  lead  washer 
Pis  clean  and  the  thread  greased.     The  next  step  is  to  fill  with  O;  close  the 
bomb  with  the  needier  valve  R\  connect  its  upper  end  by  means  of  the  flexible 
o^per  tube  with  the  oxygen  tank  and  the  gauge;  test  for  leakage  by  admitting 
0  slowly  imtil  the  gauge  shows  a  pressure  of  10  atm.  and  close  the  valve.    Any 
drop  in  the  gauge  will  be  pfoof  of  escaping  gas.     Open  again  the  valve  R^  turn 
oxygen  on  slowly  imtil  the  gauge  reads  20  to  25  atm.,^  and  close  the  valve. 
Before  placing  the  bomb  in  the  calorimeter,  fill  the  outer  jacket  with  water  of 
room  temi>erature,  thoroughly  dry  the  inner  side,  put  the  calorimeter  in  posi- 
tion and  the  bomb  in  its  place,  adjust  the  stirrer,  add  2.2  kg.  (  =  4.84  lb.)  water 
of  room  temi>erature  and  insert  the  thermometer.     Everjrthing  is  now  ready 
for  the  oxidation  of  the  fuel.     Start  the  stirrer,  work  it  continuously  and  make 
observations  every  15  sec.     During  the  first  5  to  10  min.  of  stirring,  the  tempera- 
tures become  equalized  and  conditions  normal.     Now  close  the  circuit;  the  coal 
ignites,  the  combustion  is  instantaneous  and  perfect;  the  temperature  rises  to  a 
maximum  in  about  3  min.  and  then  sinks  again;  continue  the  observations  for 
5  to  10  minutes  more,  if  it  is  desirable  to  make  the  cooling  corrections,  i.e.i 
corrections  for  the  loss  of  heat  of  the  calorimeter  by  radiation  and  evaporation 
during  the  test.*    This  is  unnecessary  for  technical  valuations,  if  in  determining 
the  water-equivalent  (481  g.  in  Mahler's  bomb)  enough  naphthalene  has  been 
used  to  cause  the  same  rise  within  1°  C.  as  in  burning  i  g.  coal.     With  this  sup- 
position the  following  simplified  formula  can  be  used  to  compute  the  heat  value: 

»H  =  ir(/2-/i)+A:(/2-/i)  or 

in  which  n=g.  combustible,  IT = heat  of  combustion  sought,  IF  =  weight  of 

'  Lord-Haas  (Tr.  A.  I.  if.  £.,  1897,  xxvii,  261)  found  15  to  17  atm.  sufficient  for  i  g.  coal. 
'  Hofman-Wen.,  Tr.A.  /.  if.  £.,  1910,  xli,  506. 
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water  in  calorimeter,  £^"=water  equivalent  of  bomb  (calorimeter  +  stirm  + 
thermometer,  etc.))  (i=maximum  temperature,  ti  initial  temperature.  The 
figure  obtained  includes  the  heat  evolved  by  the  formation  of  HNOi  and  H^ 
(and  of  FeiOt  if  iron  wire  was  used),  a  factor  usually  ne^ected.  The  iddi 
are  washed  out  after  the  close  of  the  experiment;  if  they  are  to  be  determined t 
definite  volume  of  HjO  has  to  be  used.  The  HNOi  is  titrated  with  NHi  and 
the  H1SO4  precipitated  with  BaCii. 

The  water  equivalent  of  the  calorimeter  (tbe 
heat  absorbed  by  the  apparatus,  expressed  in  cal.)  is 
ascertained  either  by  calculation'  or  by  experiment 
In  making  a  determination  either  r  g.  napbthi- 
lene  (9,692  cal.)  or  carbonized  sugar  (8,I30+  cat) 
is  burned,*  the  difference  between  the  theoreticil 
and  the  actual  figure  noted,  and  divided  by  tbe 
difference  between  maximum  and  initial  tempera- 
tures.    In  the  above  formula  —  -r 
h—'i 
The    Emerson  Calorimeter.  *^Thc  Mihler 


47  and  48. — Bomb  of  the  Emerson  fuel-calorimeter. 


bomb  has  several  disadvantages:  cost  ($300),  peeling  of  enamel,  extra  e 
if  platinum-lined,  awkwardness  of  handling  and  of  securing  of  top  with  charge 
in  tray,  complex  and  feeble  construction  of  stirring  mechanism.  These  are 
avoided  by  the  Emerson  fuel  calorimeter,  the  bomb  of  which  is  shown  in  Figs. 
47  and  48.  The  bomb  (inner  height  5  in.,  diam.  3  in.,  thickness  3/8  in.,  weight 
3,694g.,sp.  heato.118),  is  of  steel  and  lined  with  sheet  metal  spun  in  to  fit,  M 
with  a  double-process  high- temperature  porcelain;  it  costs  $150. 

The  joint,  an  enlarged  plumber's  union,  is  in  the  middle  and  furnishes  easy 
access  to  all  parts;  the  lower  rim  has  a  groove  to  receive  the  lead  washer,  the 

'  Multiplying  the  weights  of  the  several  parts  of  the  calorimeter  with  Ihrir  apedGc  hestt, 
and  adding  the  sums  to  the  weight  of  water  used  (Hofman-Wen,  op.  citr,  5071). 

*Cane  sugar  from  the  Bureau  of  Standards,  Washington,  D.  C,  is  probably  the  most  de- 
ainble  substance  for  standardization. 

■/.  Ind.  £«(.  Cktm.,  igofl,  1, 1;  Emerson  Apparatus  Co.,  151  Causeway  St.,  Boston,  Mats. 
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upper  a  rib.  The  platinum  or  nickel  tray  (i  in.  diam.  and  0.25  in.  deep)  rests 
on  an  isolated  loop  of  nickel  wire  which  enters  at  the  bottom  of  the  bomb  and 
forms  the  positive  pole;  on  one  side  is  a  screw-eye,  the  negative  pole  to  which  is 
attached  the  platiniim  fuse-wire  passing  through  the  fuel  charge.  The  brass 
stirrer  (q>ec.  heat  0.094)  is  a  vertical  rod  with  3  propeller  blades  rotated  in  a 
cyimder  by  a  small  electric  motor.  The  admission  of  O  takes  place  over  an 
inverted  cup  instead  of  through  a  bent  tube. 
Example. — ^The  calorimeter  holds  i^goog.  water;  0.8666  g.  coal  are  to  be  tested. 

Readings  ot  Thermometer 


Time 

Temperature 

Time 

Temperature 

Time 

Temperature 

0 

20.348 

30 

21.000 

II 

23.182 

30 

20.350 

6 

22.600 

30 

23.178 

I 

20.352 

30 

22.900 

12 

23.174 

30 

20.356 

7 

23.100 

30 

23.170 

2 

ao.358 

30 

23.150 

13 

•23.166 

30 

20.360 

8 

23 . 194 

30 

23.162 

3 

20.362 

30 

23 .  196  Max.  temp. 

14 

23.158 

30 

20.364 

9 

23 . 196 

30 

23.154 

4 

20.368 

30 

23 . 194 

IS 

23.150 

30 

20.374 

10 

23 . 194 

5 

20.376  Firing  temp. 

30 

23.190 

(i)  The  apparent  rise  in  temperature  is  23.196  —  20.348  =  2.848°. 
(2)  The  cooling  correction  is  computed  as  follows:  Rate  of  change  of  tem- 
perature the  first  5  min.  before  firing,  20.376  —  20.348=0.028,  and  this  divided 
by  5  min.  gives  1^1=0.0056  p.  min.    Rate  of  change  of  temperature  during  the 
last  5  min.  gives  23.194—23.150=0.044,  and  divided  by  5  gives  i^2 =0.0088  p. 
min.    The  difference  0.0088—0.0056=0.0032,  multiplied  by  3.5  min.  (di£F. 
firing  and  maximum  temp.)  gives  0.006  (additive)  as  the  total  cooling  correc- 
tion, or  the  total  corrected  rise  of  temperature,  as  2.826°.    This  for  i  g.  fuel  = 
3.261**.    The  water  equivalent  of  bomb,  calorimeter  can,  stirrer,  etc., =496. 
The  calorific  power  of  the  fuel  is  therefore  (1,900+496)  X3.26i  =  7,794  cal. 
The  numerical  examples  Nos.  1-24  of  calorific  values  given  in  Table  62  have 
been  selected  from  Jiiptner's  table.*    The  original  does  not  contain  the  data 
obtained  with  the  Dulong  formula.    As  most  of  the  examples  chosen  by  Jiipt- 
ner  are  those  given  by  Lord  and  Haas*  who  used 

8,o8oC+34,462(ff-iO)H-2,2so  S 


100 

to  calcidate  the  calorific  power;  the  other  missing  calculations  have  been  made 
I  on  the  same  basis.    Examples  Nos.  25-29  are  by  Sherman  and  Amend.' 

^  Ahrens,  "Sammlung  chem.  und  chem,  techn.  Vortrdge" 
'  Tfs  A.  /.  M.  E,,  1897.  xxvn,  259. 
*Sck.  Mines  Quart.,  191 1,  xxxiu,  30. 
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93.  Calculatioii  of  the  Calorific  Power  of  Gaseous  FueL — ^The  caldfic 
power  of  a  gaseous  fuel  is  equal  the  sum  of  the  heats  of  combustion  of  its  consdt* 
uents.  Let  Wf  v/,  w"  be  the  weights  of  the  different  gases  and  c,  </,  d*  thdr 
calorific  powers,  then  the  calorific  power  of  the  mixture: 

C.  P.=wc+wV+wV+  .  .  . 

The  composition  by  weight  of  a  producer  gas,  made  from  bituminous  cod 
in  a  furnace  nm  hot  is:  N,  67  per  cent.;  COa,  7  per  cent.;  CO,  21  per  cent; 
H,  I  per  cent.;  CsH4,  3  per  cent.;  CH4,  i  per  cent.;  total,  100  per  cent  Then 
its  C.  P.  will  be  1,265  Cal.  supposing  that  the  products  of  combustion  pass 
off  at  100°  C. 


Component 


Weight 

per  unit 

C.  P.,  Gal. 

wXCaL 

w 

0.67 

0.07 

0.2X 

2,430 

510 

o.ox 

29,030 

290 

0.03 

IM92 

345 

1              O.OI 

1 

1 

.12,000 

120 

x.oo 

1 

1,26s 

N.. 
CO, 
CO. 
H.. 


C,H4 
CH4. 


Cal.  pow. 


The  composition  of  a  gas  is,  however,  more  frequently  given  in  per  cent  by 
volume  than  in  per  cent,  by  weight,  and  calculations  are  often  simplified  by 
adhering  to  volumes  instead  of  first  changing  them  into  weights.  K  this,  how- 
ever, is  to  be  done,  the  corresponding  weights  are  found  by  multiplying  the 
volume  by  the  weight  of  i  liter  of  each  gas: 

Per  cent.  vol.  X  wt.  of  i  liter  =  gr.  gas 

and  then  calculating  the  percentage.    Weights  of  gases  and  vapors  are  given 
in  Table  63. 

Another  and  more  simple  method  is  that  of  J.  W.  Ri^hards^  who  starts  from 
the  basis  that  the  weight  of  i  liter  C,  H  or  O  in  a  gas  containing  i  atom  of  these 
elements  in  its  molecular  formula  is  0.54,  0.045  ^^^  o*?^  %*  ^^^  &  gas.  with  2 
atoms  of  C,  H  or  O  in  its  molecule,  the  respective  weights  are  twice  the  above. 

If  the  composition  is  given  in  per  cent,  by  weight,  and  it  is  desired  to  calcu- 
late  the  calorific  power  by  volume,  the  weights  can  be  readily  changed  into  vol- 
umes by:  liter  gas  =  gr.  gas  :  wt.  of  i  liter. 

Taking  the  above  producer  gas,  the  composition  of  which  was  given  in 
per  cent,  by  weight,  its  calorific  power  will  be  that  given  in  the  following 
tabulation: 

*  /.  Frankl.  Inst,,  1901,  cui,  109;  "Metallurgical  Calculations,"  McGraw-Hill  Book  Co., 
New  York,  1906,  i,  p.  3. 
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Table  63. — Weights  of  Gases  and  Vapoks  at  o*  C.  and  760  mc.  Pressure 


Gas  or  vapor 


Sp.  gr.,  air  «i 


Wt.  of  X  liter,  sea- 
level,  45*^  lat,  ing.  or 
X  cbm.  in  kg.  or  z 
eft  in  oz.  tr. 


C,H, 

CH. 

C,H4 

CH4 

niuminating  gas. 

C,N, 

CO 

Water  gas 

CO, 

o, 

HtS 

SOi 

N,. 

H,0 

H, 

Air 


1. 160 

1-339 
0.571 
0.552 


1.799 
0.967 


X.520 
I. Ill 
X.117 
2.213 
0.967 
0.622 
0.060 
1. 000 


I  073 
1. 162 
3.486 
I.  251 

0.715 
0.520 

2.326 
X.250 
0.860 
1.965 
1.430 
X.522 
2.86x 

1.254 
0.804 
0.0896 
x.29^ 


Gas 


N.... 

CO,.. 

CO.. 

H.... 

C,H4. 

CH4. 


Total 


1. 00 


Weight 
of  I  liter, 

g- 


Volume, 
liter 


0.67 

>t 

1.254 

0.07 

> 

1.965 

tn 

0.21 

O.OI 

1.250 
0.089 

0.03 

s 

I. 251 

O.OI 

0.715 

0.5343 
0.0357 

o.  1680 
o. 1123 
0.0239 

0.0139 
0.8881 


C.P. 

I  liter. 

cal. 


C.P.,  0.8881 

lit.,  gas, 

cal. 


0.8881  lit 

Xi.i26«z 

liter,  p.c.  by 

voL 


3,062 

2,613 

14,480 

8,598 


5M 
293 
346 
119 


0.602 
0.040 
o.  189 
o.  126 
0.027 
0.016 


1,272 


1. 000 


94.  Determinatioii  of  the  Calorific  Power  of  Gaseous  Fuel. — Of  the 
different  apparatus  for  determining  the  calorific  power  of  gaseous  fuels  the 
Junkers  Gas  Calorimeter^  is  used  more  than  any  other.  It  is  of  the  continu- 
ous type;  a  measured  volume  of  gas  is  burned  for  a  given  time,  and  the  rise  in 
temperature  of  a  measured  or  weighed  quantity  of  flowing  cooling  water  noted. 
Fig.  49  is  a  vertical  section  of  the  calorimeter  and  Fig.  50  an  elevation  showing 

'  Verh,  Ver,  Befdrd,  Gewerhefl.^  1894,  lxxiii,  175;  Z.  Ver.  deuisch.  Ing.,  1895,  xxxdc,  564; 
Beri.  HiUUnm.Z.,  1894,  liii,  154;  Engineering,  1895,  ldc,  574;  Catalogue,  Eimer  &  Amend,  New 
York  City;  modification  by  Sargent,  Iron  Trade  Rev.,  1907,  XL,  78. 
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the  arrangement  of  the  parts  necessary  for  a  test.  In  Fig.  49  the  gas  is  supplied 
through  22  to  the  Bunsen  burner  27;  it  bums  in  the  combustion  chamber  28, 
which  b  a  cylindrical  copper  water-jacket  15,  the  water-space  being  traversed 
by  a  number  of  copper  tubes  30.  The  products  of  combustion  descend  in  30 
and  pass  off  through  pipe  32  with  damper  33,  having  given  off  their  heat  to  the 
cooling  water.  In  order  to  prevent  loss  of  heat  by  radiation,  the  water-jacket 
15  is  enclosed  by  an  air-jacket  36  of  nickel-plated  copper.  The  cooling  water  is 
kept  under  a  uniform  pressure  by  the  two  over- 
flows 5  and  zi.  The  water  is  admitted  at  I,  de- 
scends through  6,  the  flow  being  regulated  by  the 
dial-cock  9  having  a  pointer  {e,  Fig.  50),  enters  the 
water-jacket  at  13,  is  evenly  distributed  by  baffle- 
plates  14,  rises  in  15  and  16,  leaves  through  iS 
and  runs  out  at  21.  The  temperatures  of  the 
cold-water  inflow  and  the  warm-water  outflow 
are  taken  by  thermometers  12  and  43,  which 
permit  readings  to  0.1°  C.  Any  condensed  water 
is  drawn  off  at  35.  Fig.  50  shows  the  meter  with 
gas-inlet  g,  the  pressure  regulator  12,  the  calorim- 
eter d  with  small  a  {100  c.c)  and  large  (2,000 
c.c.)  graduate  b,  and  waste- water  pipe  e  with  funnel. 
The  large  graduate  is  replaced  by  a  tin  box  on 
platform-scales  if  the  water  is  to  be  weighed.  The 
parts  of  the  apparatus  are  placed  close  together 
so  as  to  allow  one  person  to  make  the  necessary 
observations;  it  is,  however,  preferable  to  have  two 
persons  for  a  test.  The  large  dial  of  the  gas  meter 
reads  in  liters;  one  revolution  of  its  pointer  in- 
dicates 5  liters.  In  the  latest  meter  the  two  small 
dials  in  the  larger  face  have  been  replaced  by  a 
single  one  which  records,  by  a  division,  every 
revolution  of  the  large  pointer.  The  pressure  regu- 
lator 2  corrects  any  irregularities  in  the  flow  of  gas. 
The  water-supply  for  the  calorimeter  must  he 
able  to  furnish  about  3  liters  per  minute.  In  start- 
ing, the  cold-water  supply  is  connected  with  the  inlet,  and  the  cold-  and  hot- 
water  overflows  are  turned  into  the  waste-water  pipe.  Cold  water  is  turned 
on,  the  dial-cock  e  opened  enough  to  allow  about  1  liters  of  water  to  pass 
through  in  1.5  min.,  and  the  gas  ignited  after  the  calorimeter  is  filled.  The 
temperature  of  the  overflow  water  rises  until  in  about  5  min.,  it  becomes  con- 
stant or  approximately  so.  The  difference  between  inlet  and  outlet  waters 
should  be  about  zo°  C,  and  the  temperature  of  the  outlet  water  should  not 
exceed  35°  C,  as  otherwise  there  is  hability  to  loss  by  vaporization. 

The  temperature  of  the  cooling  water  having  also  become  constant,  the  hot- 
water  tube  is  shifted  over  into  the  2-IiteT  graduate  as  soon  as  the  pointer  of  the 


Fic.  49. — The  Junkers  ealorim- 


[  meter  has  come  to  the  zero-point.     Readings  of  both  thermometers  are  taken  ^ 
every  time  0.5  liter  of  cooling  water  has  been  collected  in  the  graduate.     Minute-   ' 
readings  arc  sufficient  with  runs  lasting  from  5  to  8  rain,  when  the  overflow 
water  is  weighed.     As  soon  as  the  2-hter  graduate  U  filled  the  gas  is  shut  off. 
Enough  gas  must  have  been  burned  to  give  from  1,000  to  1,500  cal.  per  hour, 
i.e.,  o-s  cbm.  for  illuminating  gas,  i  cbm.  for  producer  gas.     If  //  =  C, 


Fig.  50. — The  Junkers  calorimeter. 

Bter  gas  in  cal,;  B'=liters  or  kg.  water  passing  per  min.;  /  =  average  temp. 
I  of  inlet  water;  7'  =  average  temp,  of  outlet  water;  C  =  liter5  gas  burned; 
t  i='g.  water  condensed  per  min.;  then: 

G 


n= 


Afl  the  water  formed  in  combustion  is  not  condensed  in  metallurgical  opera- 
iinn,  but  passes  olT  as  vapor,  the  latent  heat  (537  cal.)  of  the  condensed  water 
(4)  has  to  be  deducted  from  the  total  heat  of  combustion  measured  by  the 
[  calorimeter. 

The  Junkers  calorimeter  can  also  be  used  for  determining  the  calorific 
[  power  of  oil  or  gasolene.  In  this  case  the  gas-meter  and  regulator  are  replaced 
[  by  a  lamp,  which  rests  on  platform  scales  while  burning,  and  thus  allows  noting 
the  loas  in  weight. 
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Example 


Run  I 


Runn 


Runin 


Weight  of  water  per  minute. . 
Weight  of  drip  per  minute. . . 

Liters  of  gas 

Initial  temperature  of  water. 
Final  temperature  of  water. . 
Gram-calories  per  liter  of  gas 
B.T.U.  per  cu.  ft.  of  gas 


2,011  g. 

3-21  g. 
3.26 

17.21 ''C. 

27.28**  C. 

5,683 

639 -3 


2,014  g. 
3.00  g. 

$'^$ 
17.21  **C. 

26.84*0. 

5,682 

639.2 


2,013  g. 
2.71  g. 

2.97 
17.44 
26.56**  C 

5,692 
640.4 


•c. 


95.  Calorific  Intensity.^ — ^The  unit  serving  for  measuring  the  calorific  inten- 
sity is  the  degree  Centigrade  or  Fahrenheit  scale.  The  former  will  be  used 
exclusively.  The  calorific  intensity  of  a  substance  can  be  ascertained  by 
calcidation  or  determined  by  measurement. 

96.  Calculation  of  Calorific  Intensity.* — ^This  is  based  upon  the  assumption 
that  aU  the  heat  generated  in  perfect  combustion  is  taken  up  by  the  products 
of  combustion,  {.e.,  none  is  lost  by  radiation  or  conduction.  The  temperature 
reached  will,  therefore,  depend  upon  the  calorific  power  and  the  weights  and 
specific  heats  of  the  products  of  combustion.  Let  C  be  the  calorific  power  of  a 
fuel,  T  the  rise  in  temperature,  w,  w',  w"  the  weights  of  the  products  of  combus- 
tion and  s  s'  s"  their  specific  heats;  then: 

C=-Tiws+w's'+w"s"+  .  .  .),andr  =  — -7— T-rr-^ 
^  ^'  ws+w  s  +w 


"  5"+ 


for  a  fuel  at  o**  C.  and  760  mm.  pressure.  The  formula  shows  that  the  calorific 
intensity  is  proportional  to  the  calorific  power  and  indirectly  proportional  to 
the  weights  of  the  products  of  combustion  and  their  specific  heats.  The 
calorific  intensity  can  be  raised  by  superheating  fuel  and  air;  by  depressing  the 
weights  of  the  products  of  combustion,  i.e.,  using  the  minimum  excess  air,  or 
possibly  diminishing  the  N  in  the  air;  by  excluding  moisture  from  the  fuel,  and 
lastly  by  diminishing  the  percentage  of  ash  in  the  fuel  (coal-washing).  The 
above  formula  cannot  be  used  conveniently  for  the  calculation  of  the  calorific 
intensity,  as  the  specific  heats  of  the  products  of  combustion  are  not  constant, 
but  increase  with  the  temperature.  Thus  the  specific  heat  at  /**  of  N,  O,  H, 
00=0.303+0.000054  t;  of  002=0.37+0.00044  t;  of  1120=0.34+0.00030  /. 
The  mean  specific  heat  between  0°  and  f  is,  of  course,  the  constant  plus  the 
mean  of  the  factor,  e.g.,  of  N= 0.303 +0.00002 7  /;  and  the  mean  specific  heat 

between  /  and  /i,  e.g.,  of  N= 0.303 +0.00002 7  (/i+/). 

C 

For  the  formula  of  r= , — ,  n — 00  given, 

ws+w  s  +'W   s     ^        ' 


one  can    substitute    the 


*  Flame  temperatures:  Harker,  /.  Soc,  Ckem.  Ind.,  191 2,  xxxi,  307. 
'  Ehrenwerth,  MetaHurgie^  1909,  vi,  305. 
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quantity  cf  heat  needed  to  raise  i  cbm.  (at  760  mm.)  of  products  of  combus- 
tion from  o^  to  /^y  that  is,  the  mean  specific  heats  of  the  various  constituents  of 
the  product  of  combustion.  These  are:  0.303+0.000027  t  for  N,  O,  H  and 
CO;  0.37+0.00022 /for  CO2;  and  0.34+0.00015  t  for  HjO. 

Example  for  Solid  Fuel. — What  is  the  calorific  intensity  of  carbon  burn- 
ing with  the  theoretical  amount  of  pure  oxygen?    One  kilogram  of  C  will 
develop  on  combustion  8,100  Cal.,  and  this  heat  will  be  absorbed  by  the  CO2 
formed  by  the  combustion.    According  to  the  equation  C+0a  =  C02,  12  kg. 
C  require  one  molecular  volume  of  O2,  and  form  one  molecular  volume  of  CO2. 
Then  i  kg.  C  will  require  one-twelfth  of  one  molecular  volume  of  O2,  or  1.86 
cbm.,  and  will  form  an  equal  volume  of  CO2.    The  heat  required  to  raise  this 
volume  of  CO2  one  d^ee  is  1.86  (0.37+0.00022  /)Cal.,orfor  the  entire  tempera- 
ture rise  of  /**,  1.86  (0.37+0.00022  t)  t  Cal.    This  value  must  be  equal  to  the 
total  amount  of  heat  available  from  the  combustion,  i.c^  8,100  Cal.    Equating 
the  two  gives  1.86  (0.37+0.00022  /^)  =0.688  /+0.000409  /*  =  8,ioo;  and  solving 
for/,  gives/ =  3,689°. 


Table  64. — Relations  of  Volumes  of 

Components  and  Products  of  Combustion 

There  are  required,  vol. 

In  order  to  form  2  vol. 

0 

H 

N 

CO, 

2 
I 

CO 

CH4 

4 
2 

3 
6 

H,0. 

I 

NH,....                  

I 

CJI. 

If  I  kg.  C  is  burned  with  the  theoretical  amount  of  air,  instead  of  with  pure 
oxygen,  the  products  of  combustion  are  1.86  CO2+ 7.086  N2.  (The  composi- 
tion of  air  is  O2  20.8  per  cent.,  and  N2  79.2  per  cent,  by  volume;  the  ratio, 
0| :  N2=  I  :  3.81.)  This  changes  the  equation  above  to  1.86(0.37+0.00022  /^) 
+7.086(9.303  /+0.000027  /*)  =  2.836  /+0.00060  /*  =  8,100.    Solving  for  /,  gives 

US/=2,005^ 

Experience  has  shown  that  with  solid  fuel,  air  to  the  extent  of  at  least  50 
per  cent,  more  than  is  theoretically  required  must  frequently  be  supplied. 
Supposing  this  to  be  the  case,  the  products  of  combustion  from  i  kg.  C  will  be 
1.86  CO1+ 7.086  N2 +4.473  excess  air.  Since  the  mean  specific  heat  of  air  is 
the  same  as  that  of  Na,  the  equation  becomes  1.86(0.37 /+o.ooo22/^) +  11.559 
(0-303  /+0.000027  /^)  =  4.191  /+0.000721  /^  =  8,100.     Solving  for  /,  gives  /  = 

1,530*". 

The  difference  between  2,005°  and  1,530°  shows  how  essential  it  is  to  control 

the  admission  of  air  in  firing. 

In  the  preceding  calculations  it  has  been  assumed  that  the  C,  O,  and  air 
were  at  0°  C.     A  simple  means  of  obtaining  a  higher  temperature  is  to  preheat 
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the  fuel,  the  air,  or  both.  Natural  gas  being  decomposed  by  heat  cannot  be 
superheated.  Supposing  the  producer  gas  given  on  p.  ii8  is  to  be  burned  with 
25  per  cent,  excess  air,  preheated  to.5oo°  C,  what  will  be  the  calorific  intensity? 


Example 


I  cbm.  gas 

Needs 
cbm.O(») 

And  produces  cbm. 

C0,(') 

H/)(') 

NO) 

N,       0 .  602 

0.602 

CO«.   0 .  04,0 

0.040 
0. 189 

CO,     0.189 

0.095 
0.063 
0.081 
0.032 

H,       0.126....' 

0.126 
0.054 
0.032 

C1H4,  0.027 

0.054 

0.016 

CHi.  0.016 

I .000 

0.271 

0.299 

0.3I2 

0.602 

CorresDondine  air 

1.303 
0.3257 

1.032 
1.032 

Excess  air.  2  ?  ner  cent 

Total 

1.6287 
air 

0.299 

0.212 

I. 9597 

The  calorific  power  of  0.8881  cbm.  producer  gas,  p.  119,  was  calculated  to 
be  1,272  Cal.,  hence  the  calorific  power  of  i  cbm.  will  be  1,272  :  0.8881  =  1432 
Cal.    Supposing  the  gas  and  air  to  be  at  0°  C,  then 

N+C  =  1.9597(0.303  /+0.000027  /2)  =0.594  /+0.000053  t- 
H2O  =0.212  (0.34  /+0.00015  /2)  =0.072  /+0.000032  /* 
CO2    =0.299  (0.37  /+0.00022  /2)     =0.111  /+o  000066  /* 

Total  0-777  Z+o.oooisi  /*  =  i432 

/=  1,440**  C. 

It  has  been  calculated  above  that  theoretically  there  are  required  1.303  cbm. 
of  air  to  burn  the  gas.  To  this  has  to  be  added  25  per  cent,  excess,  or  0.3257 
cbm.,  making  a  total  of  1.6287  cbm.  The  quantity  of  heat  gained  by  heat- 
ing this  air  to  500°  C.  is:  1.6287(0.303X500+0.000027X500*)  =  257.7  Cal« 
This  makes  the  total  available  heat  1,432+257.7  =  1,689.7 Cal.;  and  the  equa- 
tion becomes  0.777  /+0.000151  /*  =  1,689.7,  from  which  ^  =  1,647**  C.  The 
calorific  intensity  then  has  been  raised  from  1,440°  to  1,647®  ^Y  ^^  preheating. 

97.  Determination  of  the  Calorific  Intensity  (Pyrometry).* — Almost  every 

» Table  64. 

*  Burgess,  G.  K.  and  Le  Chatelier,  H.  "The  Measurement  of  High  Temperatures," 
Wiley,  New  York,  191 2. 

Barus,  C.     **0n  the  Thermoelectric  Measurement  of   High  Temperatures/*  BuU,  54, 
U.  S.  Geological  Sur\'ey,  Washington,  1889. 

Report  on  Pyrometers  Suitable  for  Metallurgical  Work,  /.  /.  and  St.  /.,  1934, 1,  98. 
Waidner,  C.  W.,  Methods  of  Pyrometry,  Proc.  Ent>,.  Soc,  West.  Pa.,  1904,  XX,  313. 
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thennal  property  of  matter  has  been  suggested  as  a  basis  (or  the  constnic- 
tionofpyrometers.  Hereonly  the  pyrometers  that  have  proved  serviceable  for 
DetalluTgical  work  will  be  reviewed,  and  that  briefly. 

I.  Expansion  Pyrometers.— Manypyrometershavebeendevisedwhichare 
based  upon  the  linear  dilatation  of  one  or  two  solids.  They  have  been  made 
imdpally  of  metal  and  of  carbon.  They  all  suffer  from  the  fact  that  the  expan- 
sion is  not  uniform,  and  that  after  repeated  exposure  to  heat  they  do  not  con- 
tract to  their  original  lengths.  Pyrometers  of  this  class  were  extensively  used 
forthemeasurementof  the  hot-blast  of  iron  blast-furnaces,  but  they  have  had  to 
yield  to  apparatus  based  upon  other  principles.  The  leading  instruments  of 
these  so-called  mechanical  pyrometers  are  those  of  Gaunt- 
lett'  (a  copper  tube  enclosed  in  an  iron  tube,  the  two 
connected  at  their  lower  ends),  Steinle  and  Hartung*  (iron 
and  gas-carbon  rods),  and  Brown'  (a  light  strip  of 
platinum). 

The  usual  representative  for  the  dilatation  of  liquids 
b  the  mercury  thermometer  which  serves  to  measure  tem- 


fic.  51.— The  Hohmann  and 
Uium  industrial  thenuometer. 


Fic.  5». — The  Wiborgh  air  pyrometer. 


pefitures  up  to  360°  C,  the  boiling-point  of  mercury.     In  order  to  permit 
nittsurement  of  higher  temperatures  of  furnace  or  boiler  flues,  the  vacuum 
^  been  filled  with  COt  or  N.     With  borosilicate  glass(  Jena  59'"),  tempera- 
tures up  to  550"  C.  can  be  measured.     With  quartz  tubes  filled  at  60  atmos- 
pheres pressure,  750°  C.  is  the  present  limit.     An  "Industrial  Thermometer" 
of  the  Hohmann  and  Maurer  Mfg.Co.,  Rochester,  N.  Y.,  is  shown  in  Fig.  51. 
As  regarding  principle  involved,  pyrometers  based  upon  the  expansion  of 
gases  are  most  satisfactory,  since  the  volume  occupied  by  the  more  stable  gases 
is  proportional  to  the  absolute  temperature  and  the  coefficient  of  expansion  is 
large.    One  of  the  difficulties  of  applying  the  principle  lies  in  the  fact  that  the 
expansion  of  the  enclosing  vessel  has  to  be  considered  and  that  the  material 
of  the  vessel  is  likely  to  be  brittle  and  to  fuse  (glass,  porcelain),  or  to  be  perme- 

'  Dingier,  Pel.  J.,  i860,  civn,  as9- 

•  Bob,  C.  H.,  "  Die  Pyrometer,"  Springer,  Berlin,  1888, 

*  J.  PfOtM.  Insl.,  i8g^,  aacxni,  ^io;  Ball.  Iron  and  Steel  Assac,  1894,  XViiI,  11  j. 
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able  to  gases  (Pt,Fe).  The  only  air  pyrometer  that  has  found  technical  ap[£c»- 
tion,  and  this  more  in  Europe  than  the  United  States,  is  the  constant-vdume 
pyrometer  of  Wiborgh.^  In  it  a  known  volume  of  air  is  forced  into  a  porcdaii 
bulb  that  has  been  raised  to  the  temperature  to  be  measured,  and  then  the 
corresponding  rise  in  pressure  noted.  The  aneroid  form  is  shown  in  Figs.  52 
and  S3.  The  porcelain  tube  7,  which  is  wound  with  asbestos  to  prevent  its 
cracking  when  exposed  suddenly  to  high  temperatures  and  ends  in  a  capiUaiy 


Fig.  53. — The  Wiborgh  air  pyrometer. 

tube  r,  is  screwed  into  the  bottom-plate  a  of  the  circular  brass  case  holding  the 
measuring  apparatus.    To  a  is  fastened  an  elastic  lenticular  metal  vessel  F' 
which  can  be  completely  compressed  by  the  metal  plate  6,  but  will  resume  its 
original  shape  when  the  pressure  is  released.    The  capillary  tube  r  joins  V  and 
V  and,  passing  through  plate  (and  its  stem  (/,  connects  them  with  the  outside  air. 
Tube  r  is  also  connected  by  means  of  a  capillary  lead  tube  m  with  a  manometer 
spring  (dotted  line  in  Fig.  53)  which  through  a  toothed  sector  actuates  the  handZ 
indicating  the  temperature  on  the  dial.    To  the  plate  a  is  screwed  an  iron  bridge 
for  supporting  the  axle  e,  the  ends  of  which  pass  through  the  bearings  in  the 
sides  of  the  metal  box.    The  ends  are  joined  by  a  fork-shaped  lever  g  provided 
with  a  small  handle  L,    Near  the  center,  the  axle  has  a  short  arm  *  actuating 
the  small  rod  5.    When  vessel  V  is  to  be  compressed,  handle  L  is  raised;  this 
turns  the  axle,  causes  rod  s  to  descend,  closes  the  capillary  tube,  and  forces  all 
the  air  out  of  V  into  V,    The  small  amount  of  residual  air  in  the  lead  pipe  m 
can  be  neglected.     When  the  pressure  is  released,  arm  L  is  forced  back  into  the 

*  Trotz,  Tr,  A,  I.  M.  £.,  1892-93,  xxi,  592. 
Wiborgh,  Siahl  u.  Risen,  189 1,  xi,  913. 
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position  rq>resented  in  Fig.  52  by  a  spiral  wound  around  the  axle  and  attached 
to  the  bridge/  (not  shown).  This  is  essential,  as  vessels  V  and  V  should  com- 
mimicate  with  the  outside  air  when  no  observations  of  temperature  are  being 
made. 

In  order  to  permit  making  the  necessary  correction  of  volume  of  V  for  the 
-varying  pressure  and  temperature  of  the  outside  air,  the  stem  d  is  enclosed  in  a 
ling  I  which  when  turned  raises  or  lowers  the  plate  b  and  thus  increases  or  de- 
creases the  volume  of  V.    To  the  ring  g  is  attached  the  arm  0  clasped  by  the 
two-prong  fork  n  projecting  downward  from  the  ring  E  which  carries  the  glass 
V,  The  dial-plate  D  (fastened  to  the  bridge  in  a  maimer  not  seen  in  the  figure) 
shows  the  hand  z  and  the  temperature  scale  0-3^00^  F.,  the  aneroid  barometer  Q 
with  its  scale,  72-78  dcm.,  and  a  thermometer  P  with  the  Fahrenheit  scale.    On 
the  movable  ring  E  lastly,  between  N  and  Z>,  is  drawn  a  temperature  scale  (40  to 
160°  F.)  to  make  the  necessary  temperature  correction.    When  an  observation 
is  to  be  made,  the  porcelain  tube  V  is  exposed  to  the  heat,  the  temperature  of 
the  air  is  read  on  the  thermometer  P,  the  degrees  F.  are  then  found  on  the 
temperature  scale  of  ring  £,  and  this  is  turned  imtil  the  temperature  degree 
cobddes  with  the  number  corresponding  to  the  pressure  number  seen  on  the 
aneroid  barometer  Q.    When  this  is  done,  the  thumb  is  placed  on  the  dial-glass, 
and  the  handle  L  raised  slowly  with  the  forefinger  as  far  as  it  will  go;  it  is  held 
in  this  position  until  the  hand  z  comes  to  a  standstill,  which  takes  only  a  few 
minutes. 
The  theory  of  the  instrument  is  discussed  in  the  references. 
The  pyrometer  is  convenient  for  measuring  temperatures  up  to  1,400*^  C, 
and  the  temperatures  indicated  agree^  with  those  obtained  with  the  Le  Chatelier 
thermoelectric  pyrometer  (page  145),  but  it  suffers  from  the  defect  of  having  a 
porcelain  tube  which  is  fragile  and  likely  to  crack. 

2.  Fusion  Pyrometers. — ^These  are  simple  and  convenient  as  long  as  the 
inateriab  used  have  fixed  melting-points.    Metals,  alloys,  salts  and  mixtures 
have  been  and  are  still  used  to  some  extent.    In  taking  a  temperature,  several 
substances  are  placed  in  one  or  more  vessels  of  refractory  material  (bone-ash, 
day,  iron),  to  hold  and  protect  them  from  the  flame,  and  exposed  to  the  heat; 
the  temperature  sought  is  that  at  which  fusion  ceases.    These  pyrometers  are 
suitable  for  intermittent  heatings  which  demand  a  constantly  rising  temperature 
up  to  a  certain  maximum,  when  the  source  of  heat  is  shut  off  and  the  furnace 
aDowed  to  cool  down  slowly.    They  cannot  indicate  any  decrease  in  tempera- 
ture.   Base  metals  which  were  used  once  quite  frequently  have  the  disadvantage 
of  becoming  oxidized.    Precious  metals  (Pt,Pd,Au,Ag)  give  only  a  small  range 
of  temperature.    Alloys  which  are  not  eutectics  or  solid  solutions  have  no  defi^- 
nite  melting-points.    This  throws  out  a  large  number  of  mixtures  which  are 
frequently  recommended.    Base-metal  alloys  are  likely  to  become  oxidized,  pre- 
dous-metal  alloys  are  satisfactory  within  certain  limits.    Erhard  and  Schertel' 
made  up  the  list  given  in  Table  65.    Ag  and  Au  form  an  imbroken  series  of  solid 

1  Blass,  Sum  u.  Risen,  1892,  xn,  893. 
*  Freiberg  Jakrb.,  1897,  154. 
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solutions,  but  Au  and  Pt  do  not.  Seger*  found  that  Au-Pt  mixtures  were  satis- 
factory up  to  1,200°  C,  but  that  alloys  with  over  15  per  cent.  Pt  did  not  remain 
homogeneous;  further  Pt  is  likely  to  be  affected  by  C  and  Si. 

Table  65. — Esharo  and  Schertel  Fusion  Pyeometess 


Deg.  C. 


Deg.  C. 


looAg I 

8oAg '  2oAu. 

6oAg !  4oAu. 

4oAg '  6oAu. 

2oAg 8oAu. 

looAu. 

9SAu 


90  Au. 
8s  Au. 
8oAu. 
7SAu. 
7oAu. 
65AU. 


I 


sPt. 

loPt. 

isPt. 

20Pt. 
2SPt. 

3oPt. 
3SPt. 


954 

975 

995 
1,020 

1,04s 

1,075 
1,100 

1,130 
1,160 
1,190 
1,220 

1,255 
1,28s 


6oAu. 
55  Au. 
SoAu. 
45  Au. 
40AU. 
35AU. 
30AU . 
25AU. 
2oAu. 
isAu. 
loAu. 
sAu. 


4oPt. 

45Pt. 
SoPt. 

55Pt. 
6oPt. 
6sPt. 
7oPt. 

75Pt. 
8oPt. 
8sPt. 

QOPt. 

95Pt. 
looPt. 


1,320 

1,350 

1,385 

1,420 

1,460 

M9S 

1,535 

1,570 

1,610 

1,^50 

1,690 

1,730 

1,775" 

Many  metallic  salts  are  readily  fused  without  being  decomposed.  They 
would  be  used  more  generally  as  pyrometers  were  it  not  for  the  difficulty  of 
finding  a  vessel  to  hold  them  which  is  not  attacked  and  which  is  sufficiently 
cheap.  A  few  salts'  with  their  melting-points  and  some  mixtures*  are  collected 
in  Table  66  with  a  view  to  recording  the  melting-points  rather  than  of  recom- 
mending them  as  pyrometers. 

Table  66. — Metallic  Salts  as  Fusion  Pyrometers 


Salt 


Melting-point, 
deg.  C. 


K2SO4 

BaCl, 

Na,S04 

sK,SO«-h5NajS04 
3K,S04+7Na2S04 
2K2S04+8Na2S04 

Na,COj 

NaCl 

KCl 


Melting-point, 
deg.  C. 


1,070 

955 
86s 
850 
830 

82s 
810 
800 

775 


1 


KBr 

KI 

S.8KCl-|-4.2NaCl 

3NaCl-h7KBr 

Ba(NOa), 

sKCl-hsK,CO, 

3Na2C03-|-3K2CO,+2Naa-|-2KCL  . 

Ca(NO,), 

3K,S04-f-3Na,S04+2NaCI-f-2KCl.. . 


730 
682 

655 
625 

600 

580 

560 

550 
520 


*  Thonind.  Z.,  i88s,  ix,  104,  121;  Berg.  HuUenm,  Z.,  i88s,xliv,  303. 

*  1,755**  ^-  >s  now  held  to  be  the  correct  figure. 

*  Grenet,  Rev.  Afft.,  1910,  vii,  48s;  Metallurgies  1910,  vii,  721. 

*  Brearlcy-Moorwood,  /.  /.  and  St,  /.,  1907,  i,  268. 
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E£  Cones.  ^ — These  are  the  most  important  fusionpyromcters,  or  rather 
»pes.  In  order  to  obtain  fusion  pyrometers  for  temperatures  at  which 
Pt  alloys  of  Erhard  and  Schertel  showed  segregation,  the  late  Seger  used 
^  employed  in  the  glazing  of  porcelain.    The  most  fusible  is  made  up  of 

r.  )  o.5Al20s.4Si02.    He  increased  its  fusibility  by  a  partial  substitution 

h  for  AljOa  and  obtained  a  mixture  (  °'^  5-*^  \     (  ^'^t''^'  )  4SiO, 

1 0.7  CaO  J      I  o.2FesOs  J 

nelted  at  the  same  temperature  as  the  alloy  Au  90  :Pt  10,  or  at  i|iSo*^  C. 
rms  No.  i  of  his  series.  He  then  diminished  the  fusibility  of  his  mixture, 
increasing  the  ratio  of  AlsOsiFesOs  and  then  by  dropping  the  FejOj 
ber.  After  this  he  increased  the  ratio  of  Si02:Al20s  until  mixture 
was  reached,  which  melted  at  about  i  ,670**  C.  With  mixtures  Nos.  28  to 
ting  at  temperatures  ranging  from  1,690  to  1,850^  C,  the  bases  K2O  and 
ere  discarded,  and  the  ratio  AI2OS :  Si02  slowly  increased.  These  mix- 
roved  so  satisfactory  that  Cramer  and  Hecht  prepared  others  for  lower 
atures,  ranging  from  1,150**  C.  to  the  melting-point  of  Ag,  950°  C,  by 
ig  part  of  the  Si02  with  B2O3,  and  numbered  them  010  to  01;  finally, 
tures  below  the  melting-point  of  Ag  down  to  590**  C.  Hecht  replaced  the 
r  PbO,  and  the  K2O  by  Na20;  he  lastly  dropped  the  Fe208  and  decreased 
3ti  and  numbered  these  cones  022  to  01 1. 

Table  67. — Seger  Cones,  Original  Series 


»nf 


Composition 


Melting-point 


{ 


o.S  Na,0 
o.sPbO 
0.5  NajO 
0.5  PbO 
0.5  Na,0 
0.5  PbO 
OS  Na,0 
OS  PbO 
o-s  Na^O 
OS  PbO 
OS  Na,0 
o.S  PbO 
o.S  Na«0 
o.S  PbO 


o.  10  AljOa 
o.  20  AlaOs 
0.30  AlsOa 
0.40  AlsOa 
0.50  AUOj 
0.5s  AljOa 


\ 


2.0 

SiO, 

I.O 

B,0, 

2.2 

SiO, 

1.0 

B,0, 

24 

SiO, 

1.0 

B,0, 

2.6 

SiO, 

1.0 

B,0, 

2.8 

SiO, 

1.0 

B,0, 

30 

SiO, 

1.0 

B,0, 

3.1 

SiO, 

1.0 

B,0, 

Deg.  C. 
590 

620 
650 
680 
710 
740 
770 


man,  Tr.  A.  I,  M,  £.,  1894,  xxiv,  54;  1895,  xxv,  8;  1899,  xxix,  686. 

ton,  Tr.  Am.  Ceram.  Soc,  1900,  11,  60. 

Icy,  op.  cii.,  1906,  vni,  158. 

7-Cramer,  Thonind.  Z.,  1904,  xxviii,  1315. 

oma,  op.  cit.,  1908,  xxxii,  1764. 

Fmann,  op.  cit.,  1909,  xxxni,  iS77;  Stahl-Eisen,  1909,  xxDC,  440. 

cc,  Tkonind.  Z.,  1911,  xxxv,  1751. 

:,  Tr,  Am.  Ceram.  Soc,  191 2,  xiv,  849. 
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Table  67. — Seger  Cones,  Original  Series — {Continued) 


No.  of  cone 


Composition 


Melting-poi 


oiS 

/o.s  Na,0 
\  o.s  PbO 

014 

j  o.s  Na,0 
1  o.s  PbO 

013 

1  o.s  Na,0 
1  o.s  PbO 

012 

/o.s  NaiO 
\  o.s  PbO 

on 

J  o.s  NajO 
1  o.s  PbO 

010 

/  0.3  K,0 
\  0.7  CaO 

09 

/  0.3  K,0 
^0.7  CaO 

08 

/  0.3  K,0 
1  0.7  CaO 

07 

1  0.3  K,0 
1  0.7  CaO 

06 

1  0.3  K2O 
1  0.7  CaO 

OS 

J  0.3  K2O 
1  0.7  CaO 

04 

J  0.3  K,0 
1  0.7  CaO 

03 

f  0.3  K,0 
^0.7  CaO 

02 

J  0.3  K2O 
1  0.7  CaO 

01 

[0.3  K,0 
\  0.7  CaO 

/  0.3  K,0 

I 

\o.^  CaO 

2 

/  0.3  K,0 
\  0.7  CaO 

f  0.3  K,0 

3 

\  0.7  CaO 

/  0.3  K,0 

4 

1  0.7  CaO 

1  0.3  K2O 

5 

\  0.7  CaO 

6 

/  0.3  K,0 

\  0.7  CaO 

/o.3K,0 

7 

\  0.7  CaO 

f\ 

/  0.3  K2O 

8 

\  0.7  CaO 

0.60  AljOa 
0.6s  AI2O, 
0.70  AlsOs 
0.7s  AlaO, 
0.80  AI1O3 


o.  20 
0.30 
0.20 
0.30 
0.20 
0.30 
0.20 
0.30 
o.  20 

0.30 
o.  20 
0.30 
o.  20 

0.30 

0.20 
0.30 

0.20 

0.30 
0.20 
0.30 
o.  20 
0.30 


Fe,0, 
AbOa 
Fe,0, 
AI2O, 
FeaO, 
AI2O, 
Fe,Oa 
AUO, 
FejOi 
AUO, 
Fe,0, 
AljOs 
FcaOa 
AljOa 
Fe,0, 
AI2O, 
Fe,Oa 
AljOa 
Fe,0, 
AUOa 
FesO, 
AI2O, 


o.  10  FejOs 
0.40  AlsOs 
0.0s  Fe20s 
0.4s  AljOs 

OS  AljOj 

o .  s  AhOa 

0.6  AljOa 

o.  7  AUOj 

0.8  AI2O1 


} 


3 

2 

SiO, 

I. 

0 

B2O, 

3 

3 

SiO, 

I 

0 

B,0, 

3 

4 

SiO, 

I 

0 

B2O, 

3 

5 

SiO, 

I 

0 

B,0, 

3 

6 

SiO, 

I 

0 

B,Oa 

3 

SO 

SiO, 

0 

50 

B,0, 

3 

SS 

SiO, 

0 

4S 

B,0, 

3 

.  60  SiO, 

0 

• 

40 

B,0, 

3 

6S 

SiO, 

0 

35 

B,0, 

3 

70 

SiO, 

0 

30 

B,0, 

3 

75 

SiO, 

0 

25 

B,0, 

3 

80  SiOs 

0 

20 

B,0, 

3 

85 

SiO, 

0 

15 

B2O, 

3 

90 

SiO, 

0 

.10 

B,0, 

3 

95 

SiO, 

0 

■OS 

B,0, 

4 
4 

4 

4 

5 
6 


SiO, 
SiO, 

SiO, 

SiO, 

SiO, 

SiO, 


7  SiO, 

8  SiO, 


} 


Deg.  C. 
800 

830 

860 

890 

920 

9SO 

970 

990 


1,010 


1,030 
1,050 
1,070 
1,090 
1,110 
1,130 

1,150 
1,170 

1,190 

1,210 

1,230 

1,250 
1,270 
1.290 
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Table  67. — Seges  Cones,  Original  Series — {Continued) 


No.  of  cone 


Composition 


Melting-point 


ID 


II 


12 


H 
IS 

16 
»; 

30 
21 
22 

23 
24 

2S 
26 

27 
28 

29 
30 
31 
33 


\ 


0.9  AlsOa 

i.o  AI-Os 

1 . 2  AljOa 

1 . 4  AUOa 

1.6  AljOa 

1.8  AljOa 
2 . 1  Al20a 
2 . 4  AljOa 

2 . 7  AljOa 

3 . 1  AUOa 
35  AljOa 

3.9  AljOa 
4  4  AI2O3 
4.9  AI2O3 
5.4  AUOa 
6.0  AUOa 
6.6  AlsOa 

7.2  AljOa 

20    AljOa 
AI2O3 

AljOa 

AlaOa 

AI2O3 

AlaOa 


10 
12 

14 
•16 

18 

21 

24 
27 

31 
35 
39 
44 
49 
54 
60 

66 

72 

200 
10 

8 

6 

5 
4 


SiO, 

SiO, 

SiOa 

SiOa 

SiO, 

SiO, 

SiO, 

SiO, 

SiO, 

SiO, 

SiO, 

SiO, 

SiO, 

SiO, 

SiO, 

SiO, 

SiO, 

SiO, 

SiO, 
SiO, 

SiO, 

SiO, 

SiO, 

SiO, 


Deg.  C. 
1,310 

1,330 

1,350 

1,370 

^39o 

1,410 

1,430 
•  1,450 
1,470 
1,490 
1,510 
1^530 
1,550 
1,570 
1,590 
1,610 
1,630 
1,650 

1,670 
1,690 

1,710 

1,730 
1,750 
1,770 
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Table  67. — Seces  Cones,  Original  Series — (Continued) 


I 


No.  of  cone 


Composition 


I 


Melting-point 


33 
34 
35 
36 
37 
38 
39 
40 

41 
42 


I  AljOs 

I  Al,Os 

I  A1,0, 

I  AI2O3 

I  AI2O, 

I  A1,0, 

I  AlsOs 

I  A1,0, 

I  AI2OS 
AlsOa 


3  SiO, 
2.5  SiO, 
2  SiO, 
1.5  SiO, 
1.33  SiO, 
I  SiO, 
0.66  SiO, 
o .  40  SiO, 
0.13  SiO, 


Deg.  C. 
1,790 

1,810 

1,830 
1,850 

1,870 

1,890 

1,910 

1,930 
1,950 
1,970 


The  original  series  did  not  meet  all  the  requirements  in  practical  use.  In- 
vestigations with  a  view  to  increasing  the  sharpness  of  the  melting-points  have 
resulted  in  supplanting  the  original  series  by  a  new  one,  in  which  PbO  and  FesOs 
have  been  omitted  as  fluxes.  The  new  series  is  given  in  Table  68.  The  com- 
positions are  given  in  the  paper  by  Simonis. 

Table  68. — Seger  Cones,  New  Series 


Cone 
number 

Melting- 
point, 
deg.  C. 

1 1 

Cone 
.  number 

022 

600 

07a 

021 

650 

06a 

020 

670 

osa 

019 

690 

04  a 

018   1 

710 

03a 

017 

730 

02a 

016   ' 

1 

750 

oia 

015a 

790 

la 

014a 

81S 

2a 

013a  ' 

835 

3<» 

012a  ' 

855 

4a 

oiia 

880 

sa 

oioa 

900 

6a 

09a 

920 

7 

o8a  1 

940 

8 

Melting- 
point, 
deg.  C. 


Cone 
number 


960 
980 
1,000 
1,020 
1,040 
1,060 
1,080 
1,100 
1,120 
1,140 
1,160 
1,180 
1,200 
1,230 
1,250 


9 
10 
II 
12 

13 

14 

15 
16 

17 
18 

19 
20* 

26 

27 

28 


Melting- 
point, 
deg.  C. 

1,280 
1,300 
1,320 

1,350 
1,380 
1,410 

1,435 
1,460 

1,480 

1,500 

1,520 

I;530 

1,580 

1,610 

1,630 


Cone 
number 


I 


Melting- 
point, 
deg.  C. 


29 

1,650 

30 

1,670 

31 

1,690 

32 

1,710 

33 

1,730 

34 

1,750 

35 

1,770 

36 

1,790 

37 

1,82s 

38 

1,850 

39 

1,880 

40 

1,920 

41 

1,960 

42 

2,000 

*  It  will  be  noticed 
melting-points  lay  too 


that  numbers  21-25  have  been  dropped,  tb^  r?m?9D  being  that  their 
dose  together. 
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Seger  cones  are  three-sided  pyramids;  Nos.  022-25  are  3  in.  high  with  a  base 
5/8  in.  wide  (Fig.  54),  Nos.  26-42  are  25/32  in.  high  with  a  base  3/8  in.  wide. 
Each  cone  has  its  number  stamped  on  the  side  which  usually  remains  uppermost 
when  the  cone  bends  over  in  melting.  The  temperature  indicated  for  each 
cone  in  Tables  67  and  68  is  only  approximate;  it  is  supposed  to  have  been 
readied  when  the  apex  is  half  bent  over.  While  a  Seger  cone  is  not  an  accurate 
pyrometer,*  it  is  a  most  valuable  instrument  for  controlling  the  working  of  an 
intermittent  furnace  in  which  mechanical  mixtures  are  to  be  converted  into  chem- 
ical compounds  by  heating,  as  the  success  of  such  an  operation^  is  not  only  a 
function  of  temperature,  but  depends 
also  upon  the  manner  of  firing,  the 
time  given,  and  the  form  of  the  fur- 
nace. The  Seger  cone,  being  exposed 
to  the  same  influences  as  the  sub- 
stance under  treatment,  shows  by  its 
fusion  that  sufficient  heat  and  time 
have  been   given  to   complete   the  Fio.  54— Large-siz?  Seger  cones. 

process. 

3.  Calorimetric  Pyrometers. — ^The  principle  of  measurement  involved 
is  that  of  the  method  of  mixtures:  A  small  body  (the  "heat  carrier"  or  "pyro- 
metric  substance,"  a  cylinder  or  ball  of  Fe,  Cu,  Ni  or  Pt)  heated  to  the  tempera- 
ture to  be  measured  is  mixed  with  a  large  body  (water)  in  such  proportions 
that  the  rise  in  temperature  of  the  latter  can  be  measured  with  the  mercury 
thermometer. 

Let  JF  be  the  weight  of  the  heat  carrier;  w  the  weight  of  the  water  in  the  calo- 
rimeter; 5  the  specific  heat  of  the  calorimeter;  i\  the  initial  and  h  the  final  tem- 
perature of  the  water;  T  the  unknown  temperature;  5t  the  mean  specific  heat 
of  the  heat  carrier  between  0  and  7^,  and  st  that  between  0  and  t%^\  and  finally  c 
the\peight  of  the  calorimeter.  The  heat  lost  by  the  heat  carrier  Wsi{T-'t^  is 
equal  to  the  heat  taken  up  by  the  water  (/2— <i)X(ie;+c5),  whence 


W 


Tsr='—^'P-^+hst 


The  values  of  the  right  side  of  the  equation  are  found  in  the  experiment,  those 
of  the  left  side  have  been  determined  by  VioUe  and  others  for  Fe,  Cu,  Ni  and 
Pt  over  a  wide  range  of  temperature.    By  interpolation,  the  value  of  T  may 

thus  be  calculated. 

w — cs  , 
In  the  "Siemens  Water-pyrometer"  the  ratio     fy~  is  so  chosen  as  to  be 

equal  to  50;  the  multiplication  of  (h—h)  by  50  is  indicated  on  a  sliding  scale  so 
that  the  temperature  T  is  obtained  by  adding  this  product  to  /j.    The  calorim- 

^Tkonind.  Z.,  1907,  xxxi,  1366  (Rothe),  1404  and  1416  (Loeser). 
»  Ebeling,  Tkonind.  Z.,  1895,  xdc,  803. 

Seger-Cramer,  op.cU.,  1893,  xvii,  1344,  with  illustration  of  tray  used  for  placing  large-size 
cones  in  furnace. 
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eler  shown  in  Figs.  55-56  consists  of  a  cylindrical  c<^per  vessel  a  with  hudk 
conlaining  a  second  small  copper  vessel  b,  4J  in.  in  diam.  and  10.5  in.  high, of  1 
capacity  of  a  little  more  than  t  pint  water,  surrounded  by  a  layer  of  fdt  c 
The  mercury  thermometer  d,  fixed  dose  to  the  wall,  has  its  lower  end  pro- 
tected by  a  perforated  tube  e;  on  the  upper  side  is  a  sliding  brass  scale/, 
63/4  in.  long,  with  pointer;  its  high-temperature  markings  are  in  the  same 
degrees  as  those  of  the  thermometer,  but  are  adjusted  to  the  metal  to  be 
used  as  the  heat  carrier  and  the  increase  of  its  specific  heat  with  the  tem- 
perature. In  making  a  measurement,  the  calorimeter  is  filled  with  exactly 
I  pint  (0.568  liter)  of  clear  water  of  about  5°  bdo* 
-  room  temperature  (distilled  water  has  the  advantage 
in  that  it  makes  it  easiertokeep  the  vessel  dean),  and 
left  to  itself  to  allow  the  thermometer  to  attain  the 
temperature  of  the  water.  Then  the  pointer  of  the 
scale  /  is  set  opposite  the  degree  indicated  by  the 
thermometer.  In  the  mean  time  the  metal  c^inds 
g  (Fe  112,  Ni  117,  Cu  137,  Pt  402.6  g)  has  been 
placed  in  the  furnace,  the  temperature  of  which  is  to 
be  measured,  and  kept  there  for  about  30  min.;iti} 

£1'  A       I  removed  quickly  with  cup-shaped  tongs  which  have 

been  heated  to  the  temperature  of  the  cylinder  and 
}  dropped  intothe  vessel, care  being  takennottos(d»sli 

I        "  =      over  any  water.    The  temperature  of  the  water  risa 


Fic.  55- 


Fig    56 
Fics.  55  and  56. — The  Siemens  calonmeler 


and  when  equilibrium  has  been  reached,  the  degrees  of  the  thermometer  and 
of  the  brass  scale  opposite  are  read;  the  sum  of  the  two  gives  the  temperature 
of  the  furnace.  Cylinders  of  Fe  and  Cu  can  be  used  up  to  1,000°  C,  of  Ni 
up  to  1,400°  C,  and  of  Pt  up  to  1,500°  C.  Cylinders  of  Cu  scale  easily,  those 
of  Fe  become  o:tidized  although  less  readily  than  those  of  Cu;  both  have  to  be 
weighed  at  intervals  to  ascertain  the  loss  in  weight  by  scaling.  A  table  ac- 
companies the  apparatus  showing  the  percentages  by  which  the  readings  on  the 
brass  scale  have  to  be  increased  before  they  may  be  added  to  the  degrees  of  the 
thermometer. 

This  pyrometer  was  used  quite  extensively  until  within  a  comparativdy 
short  time;  at  present  its  use  is  restricted  to  plants  which  make  measure- 
ments at  infrequent  intervals  and  desire  an  apparatus  that  is  low  in  price. 
The  method  is  reliable  if  suffident  care  is  taken ;  it  is  most  valuable  in  ascertain- 
ing  the  actual  temperatures  of  large  pieces  of  metal  not  too  imwieldy  to  be 


—The  flobson  hot-blast  pyromrter. 


dropped  in  a  vessel  filled  with  water.     In  such  cases  a  mechanical  s 
be  necessary. 

Example. — Determination  of  the  mci ting-point  of  aluminum. 
Weight  of  platinum  ball  179.3 

gms. 
Weight  of  can  andstirrer  268  gms. 
Weight  of  water  1,200  gms. 
Rate    of    temperature    change 

before  mixture  +-005. 
Rate  of  temperature  change  after 
maximum  temperature  —.005. 
Cooling  correction  0.00. 
Corrected   rise    of   temperature  da 

3-35- 
Ti,  23.70.  ''"" 

Temperature  corresponding,  660°  C. 
The  method  of  mixtures  has  been  applied  to  determine  the  temperature  of  1 
Ihc  hot-blast  of  an  iron  blast-furnace  by  mixing  it  with  sufficient  air  of  at- 
mospheric temperature  to  permit 
measuring  with  the  mercury  ther- 
mometer. J 
The  first  apparatus  of  this  kincf  ■ 
is  that  of  Hobson,'  shown  in  Fig.  ^ 
57,  in  which  B  represents  the  en- 
trance of  air  from  the  room,  A 
that  of  the  hot-blast,  and  D  the 
exit  of  the  mixture;  C  is  the  mer- 
cury  thermometer.      The   appa- 1 
ratus  has  been  improved  upon  by  Krupp,'    The  hot-blast  entering  at  ^1  is  J 
Ihroltlcd  down  by  means  of  cock  i/  to  a  constant  pressure  indicated  by  the  f 
gauge  E.    In  passing  through  nozzle  F  it  sucks  in  cold  air  at  B,  the  tempera-  a 
tiirc  of  which  is  measured  with  thermometer  D,       - 
The  air-mixture  streaming  through  G  passes  the      I 
bulb   of  the  thermometer  C  which  measures  its  o&pS 
temperature.                                                                   p 

The  temperature  of  the  hot-blast  is  found  by  7"         ^ 
-/=c(/'-()  and  r=t(('-0  +t;  in  which  7'  =  tem- 
|>crature  of  hot-blast,  c^constant  of  instrument 
found  by  measuring  the  true  temperature  of  the  ^ 
hot-blast  with  a  reliable  type  of  pyrometer; 
temperature  of  air-mixture;  /  =  temperature  of  cold 

air  sucked  in.     By  using  a  movable  scale  and  placing  its  zero  at  the  temperature 
of  the  cold  air  sucked  in,  the  temperature  of  the  hot-blast  can  be  read  off  directly. 
'  Dinnlor,  Pol.  /.,  1876.  coixu.  46. 
•  Bergen,  J.  I.  and  Si.  /.,  1886,  1,  m;. 


Fic.  58. — The  Krupp  hot-blast  pj-romeier. 


hh 


'  Fig,  S9.— The  Uehibg-Stelnbart 
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4.  Viscosity  Pykometebs. — The  \isco8ity  of  gases'  was  little  used  for 
temperature  measurement  until  the  researches  of  Barus'  had  shown  in  1889 
that  with  a.  gas  flowing  through  a  capillary  tube  or  fine  orifice  the  amount  enter- 
ing in  a  given  time  under  definite  pressure  depended  upon  the  temperature. 

The  Uchling  and  Steinbart  pyrometer,*  shown  id  Figs.  59  and  60,  and  exten- 
sively used  for  measuring  the  temperatures  of  hot-blast  stoves  and  waste  gases 
with  iron  blast-furnaces,  is  based  on  the  viscosity  of  air  flowing  through  fine 
orifices.  Supposing  (Fig.  59)  air  to  be  sucked  into  the  chamber  C,  through  the 
orifice  A ,  and  out  of  it  through  a  second  orifice  £,into  the  chamber  C,  and  thence 
discharged  through  D,  the  tension  in  the  two  chambers  will  be  a  function  of  the 
temperature.  If  the  orifice  A  be  con- 
nected with  the  hot-blast  pipe  and  the 
air  cooled  down  to  a  fixed  temperature 
before  it  passes  through  B,  less  air  will 
be  sucked  in  at  ^  than  is  drawn  oS 
through  B,  giving  a  different  tension  in 
chambers  C  and  C,  which  can  be  meas- 
ured by  the  arms  p  and  q  of  the  manom- 
eter. If  the  suction  is  a  constant  and 
the  temperature  at  £  is  fixed,  any 
change  in  the  temperature  of  the  hot 
blast  will  cause  a  corresponding  change 
of  tension  in  the  chamber  to  be  read 
off  on  the  manometer.  Fig.  60  repre- 
sents diagrammatically  the  different 
parts  of  the  instrument.  Into  the 
chamber  M,  the  temperature  of  which 
is  to  be  measured,  reaches  the  fire  tube 
/.  This  consists  of  a  platinum  tube  d 
enclosing  a  smaller  one  e  having  the 
small  orifice  .1.  Both  tubes  are  brazed  into  drawn  copper  tubes,  c  and/,  sur- 
riiundtMl  by  a  water -jacket  with  in-  and  out-flows,  _v  and  z.  The  air,  sucked  in 
by  the  aspirator  6,  enters  through  the  filter  /,a  pifte  filled  with  cotton,  to  be 
purified,  tra\'els  through  the  regulating  cock  4  and  pipe  ( into  the  annular  space 
iK'tween/and  c  and  tht.'ir  continuations  d  and  r.  Here  it  becomes  si^xrheated 
and  enters  at  .4  the  pipe  r ,  which  forms  one  end  of  the  chamber  C  (Fig.  59), 
and  travels  through  fgli  (^^~ith  branches  q'  and  5  leading  to  the  manometer  q 
and  the  recording  gauge  L)  and  the  coil  i  to  the  opposite  end  at  B.  This  end  is 
kept  at  the  constant  temperature  of  100°  C.  by  the  aspirator  D  exhausting  into 
the  chamber  <;,  from  which  steam  and  water  escape  through  the  pipe  I  at  at- 
mospheric pressure.     In  order  to  insure  constant  suction,  theaspiiatcr6draws 


Fio,  60. — The  I'ehling- Steinbart  pjro 


'  Holman. /'r.v.  Am.  Ac.  A 
'  Hull..  V.  S.  0.»l.  SQn,-<y. 
>/r>>w  Aif,  1S04.  UU,  j:,--!: 
>0.  xtx.  4oi;  t^-ii.  Mil.  J.. 


joJ  S(..  1SS6.  : 


No. 


iSgti,  LVitl,  S14L  Stakl  u.  Eism,  tt^,xn,i 
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kur  through  pipe  M,Ietiiito  the  topof  aMariotte  flask  C  (with  tube,  nn');  into 
ttlie  ail  from  i  discharges  tlirough  cock  a.  The  suction  is  regulated  by  cock  i 
w  that  the  water  in  the  manometer  r  shall  be  at  the  level  of  the  pointer  r". 
Any  evaporated  water  is  replenished  from  the  flask  N  by  opening  the  cock  5. 
Figure  61  is  one  form  of  an  automatic  record  of  the  blast  temperature  of  a 
bhA-funiace.'    Deoton  and  Jacobus*  tested  three  pyrometers  for  temperatures 


Fk.  ii.— Autographic  record  with  Uehling-Strinbart  pyrometer  of  hot-blast  of  iron  blut- 
fumace. 

logiog  from  10  to  1,482°  C.  and  found  the  greatest  variation  near  1,483°  C. 
to  be  within  3  per  cent,  and  less  for  lower  temperatures.  The  readings  of  a 
90^  instrument  varied  less  than  i  per  cent.;  they  were  practically  the  same 
■hether  the  distance  from  furnace  to  reading  tube  was  13  or  131  ft. 

S.  Optical  Pyhometers.' — Starting  from  the  lowest  visible  red,  tem- 
poatures  of  incandescent  bodies  can  be  approximately  judged  by  the  eye. 
Dntil  within  a  few  years  the  scale  given  by  Pouillet*  has  been  the  one  generally 
»K(L  He  assigned  a  name  to  intervals  of  100°  C.  from  dull-redness  to  dazzling 
"iite.  The  scale  has  been  modified  by  White-Taylor'  and  by  Howe,*  whose 
notations  conform  better  to  the  color  impressions  produced  on  the  eyes  of 
optrts  by  temperatures  measured  with  the  LeChatelier  thermoelectric  pyrom- 

'/rm  Age,  1896,  LViii,  814;  1907,  LXXDC,  137. 
'EHt.Uin.J.,  lac.eil. 

•Waidner,  C.  W.,  and  Burgess,  G.  K..  "Optical  Pyroinetry,"  B 
Ud  Labor,  Bureau  of  Standards,  Washington,  1905. 
'Compt.  rend.,   1S36,  iii,  7S4. 

'  Tf.  Am.  I.  Heck.  Eng.,  1900,  xxi,  637;  UelallograpkisI,  1900, 1 
* Eitg.  Min.  J.,  1900,  UCDC,  js'j  Meialiagraphisl,  1900,  lit,  43. 
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Table  69. — Color  Scales- 


Whitc  and  Taylor 


Pouillct 


Name  of  color 


Dcg.  C.      Name  of  color 


Dark  red,  blood  red, 

low  red. 
Dark  cherry  red. . . . 

Cherry,  full  red 

Light  cherry,  bright 
cherry,  light  red. 

Orange 

Light  orange 

Yellow 

Light  yellow 

White 


566 

746 
843 

899 

941 

996 

1,079 

1,205 


Incipient  redness. 


Dark  red. 


Incipient  cherry 
red. 

Cherry  red 

Light  cherry  red. 


Dark  orange. . . 
Light  orange. . 


White 

Brilliant  white.. 
Dazzling  white. 


Deg.  C. 


525 
700 

800 

900 
1,000 

1,100 
1,200 


Howe 


Name  of  color 


Dcg.C 


1,300 

1,400 

1,500-1,600 


Lowest   visible 
red  in  the  dark. 
Lowest  visible 
red  in  daylight. 

Dull  red 


Full  cherry. 
Light  red. . 


470 
475 

550-625 


700 
850 


Full  yellow.. 
Light  yellow. 
White 


950-1,000 
1,050 
1,150 


eter.  Table  69  by  Howe  brings  together  the  three  color-scales  and  emphasize* 
the  differences  of  the  Pouillct  scale  and  those  of  the  other  two  observers  which 
agree  comparatively  well.  Such  estimates  of  temperature  cannot  correspond 
to  definite  degrees;  they  cover  only  a  certain  range  of  temperature  with  cadi 
observation,  as  they  depend  upon  individual  judgment,  and  this  varies  with  the 
susceptibility  of  the  eye,  with  the  time  or  the  brightness  of  the  day,  with  the 
degree  of  illumination  of  the  locality  in  which  the  observation  is  made,  and  with 
the  radiation  of  the  heated  body  itself.  In  certain  industries,  e.g.,  in  the  tem- 
pering of  steel,  individual  judgment  has  been  trained  to  be  accurate  withii 
10°  C.i 

A  pyrometer  which  assists  the  eye  in  estimating  temperatures  above  visibl 
red  is  the  Mesur6  and  Nouel  Pyrometric  Telescope,*  Figs.  62  and  63.  Thi 
is  a  telescope-shaped  instrument  5  in.  long  and  i  in.  diam.;  Fig.  62  gives  the  eye 
piece  and  graduated  scale,  23/4  in.  diam.;  Fig.  63  is  a  longitudinal  sectioi 

*  Landis,  Iron  Age,  1896,  lvii,  1020. 

*  Howe,  Eng.  and  Min,  /.,  1890,  xlix,  637;  Bcrg-HiUtenm,  Z.,  1890,  xux,  457. 
LeChatelier,  Compt,  rend.,  1892,  cxrv,  470. 

Roberts- Austen,  Tr,  A.  /.  if.  E.,  1893,  xxiii,  407. 

Thomson,  Iron  Age,  1895,  lv,  374. 

Struthers,  Sch,  Mines  Quart,,  1895-96,  xii,  292. 


The  pyrometer  consists  essentially  of  two  Nicol  prisms;  the  polarizer  P  and 
the  analyzer  A  are  so  adjusted  that  their  planes  are  at  90"  to  one  another  when 
the  zero  of  the  graduated  scale  C  is  opposite  the  fixed  index  /.  Between  the  two 
prisms  is  a  quartz  plate  Q  cut  perpendicularly  to  its  axis.  A/  is  a  removable 
plate  to  permit  adjusting  the  prisms  or  the  quariz  plate.  One  end  of  the  tele- 
scope is  closed  by  the  eye-piece  O,  the  other  by  a  parallel  diffusion  glass  C  slightly 
ground.  In  order  to  exclude  outside  rays,  an  extension-tube,  4  1/2  in.  long,  is 
attached  to  G.  This  is  especially  necessary  for  observing  low  temperatures,  in 
which  case  it  is  of  advantage  to  add  a  concentrating  lense  i,  focused  by  rack 
and  pinion,  to  collect  the  feeble  rays.  Supposing  the  quartz  plate  to  be  removed, 
a  ray  of  monochromatic  light  on  passing  through  the  polarizer  P  will  be  extin- 
guished if  it  is  watched  through  the  analyzer  A.  By  interposing  the  quartz 
plate,  the  light  will  be  intercepted,  while  still  polarized,  and  will  proceed  in 
another  plane,  i.e.,  be  deflected  and  become  visible.    In  order  to  extinguish  again, 


I 


H  Ma 

■iho« 

■the 


>.  Fig.  6j. 

Figs.  61  nod  6j.^Mcsurl-Nouel  pyromtlrk  telescope. 

one  Nicol  must  be  turned  a  certain  angle  which  is  proportional  to  the  thickness 
of  the  quartz  plate  and  nearly  in\'crsely  so  to  the  square  of  the  wave-length. 
Th<!  quartz  plate  being  a  constant  for  the  instrument  (11  mm.),  there  remain  two 
variables,  the  angle  of  deflection  and  the  wave-length.  The  former  can  be 
measured  by  rotating  the  analyzer  from  the  zero-point  to  the  extinction  of  the 
light;  the  latter  is  proportional  to  the  intensity  of  the  light,  and  this  to  the  tem- 
perature of  the  incandescent  body.  The  angle  of  rotation  can,  therefore,  serve 
a  measure  of  temperature.  The  light  emanating  from  an  incandescent  body, 
■wcvvi,  is  not  homogeneous.  When  it  is  dull-red,  red  light  is  emitted,  and  as 
temperature  rises,  orange,  yellow,  green  and  blue  successively  appear.  In 
iDtsting  the  analyzer,  a  series  of  colors  is,  therefore,  produced  and  not  a  simple 
ray  extinguished  as  with  a  homogeneous  light;  the  rotation  to  produce  a  certain 
color,  however,  remains  proportionate  to  the  intensity  of  the  light  and  hence  to 
the  temperature. 

In  rotating  the  analyzer,  the  color  in  changing  from  red  to  green  passes 
|,tlirough  a  lemon-yellow  tint  which  has  been  selected  as  the  standard  for  medium- 
tern  [le  rat  urcs.     For  a  white  heat  the  standard  tint  is  violet-gray,  for  low 
pcratures  the  tint  disappears,  there  being  an  abrupt  change  from  green  to 
and  at  a  dark-red  there  occurs  simply  the  extinction  of  the  red.     The 
ctical  lower  limit  of  the  instrument  is  750°  C. 
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Table  70. — Data  fob  Mesus^.-Nouel  Optical  PysoHKTEK 


Angle  of  rotation,  dcKrees. . . 

I„ 

40  1 

,e      is 

1     57 

. 

« 

«9 

Temperature,  dt^.  C 

I- 

QOol 

.,~o|... 

M  1    1,100 

IJOO 

1^00 

1.S00 

Comparative  tests  made  by  Professor  C.  L.  Norton*  have  shown  that  with  8 
single  observation  readings  are  accurate  to  35°  C.  with  an  average  of  four  read- 
ings to  10°  C.  Thomson'  speaks  well  of  the  instrument  for  steel  works;  Roberts- 
Austen*  and  LeChatelier*  have  found  it  satisfactory;  while  Hecht*  reports  the 
contrary  when  watching  the  temperature  of  a  porcelain  kiln.  Waidner-Burgess* 
place  the  limits  of  accuracy  at  50  and  even  100°  C.  with  temperatures  above 
1,000°  C. 

The  Comu-LeChatelier  Photometric  Pyrometer,*  Figs.  64  and  65,  consists 
essentially  of  two  telescopes,  13  i/a  and  15  in.  long,  placed  in  a  horizontal  plane 


Fig.    64. — Comu-LcChatclicr    phi 
pyrometer. 


-Cornu-LeChatdier   photometric 
pyrometer. 


and  at  right  angles  to  one  another,  supported  by  a  pedestal,  13  in.  high.  They 
are  so  arranged  that  the  light  of  a  standard  comparison  oil  lamp,  10  in.  high, 
reflected  by  a  mirror  M,  and  the  light  of  the  incandescent  body  whose  tempera- 
ture is  to  be  measured  after  focusing,  can  be  observed  through  a  common  eye- 
piece in  front  of  which  is  placed  a  red  glass.  The  intensity  of  the  light  of  the 
incandescent  body  is  diminished  by  varying  the  opening  of  the  iris  diaphragm  s 
in  the  direct  telescope  until  it  matches  the  intensity  of  the  standard  lamp. 

*  Private  Communication. 
op.  cit. 

'  Op.  cU. 

'Compt.   raid.,  1891,  <:xiv,  470. 

*  Thonind.  Z.,  1890,  xiv,  575. 

*  op.  cit. 

*LeChateliei,  Com^.  rend.,  1893,  (.Tiiv,  114,  391,  470. 
Roberts- .\ustcn,  Tr.  A.  I.  hi.  E.,  1893,  xxiii,  431- 
Thwaite,  /.  /.  and  Si.  !.,  1891,  i,  211. 
Waidner-Burgess,  op.  cit. 
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The  adjustment  necessary  for  reducing  the  two  adjacent  fields  to  the  same 
intensity  forms  the  means  of  measuiiog  the  temperature.  The  arm  opposite 
the  one  carrying  the  standard  lamp  is  a  counter-weight  to  give  stability  to  the 
instrument.  This  is  accurate  to  i  per  cent.,  but  the  difficulties  with  its  use  in 
works  lie  in  the  requirement  of  having  an  oil  lamp  which  rarely  remains  uniform, 
and  the  lack  of  portability.  In  the  latest  instrument*  the  oil  lamp  has  been 
rrplaced  by  an  incandescent  electric  lamp  as  with  the  Wanner  pyrometer. 


FlO.  66. — Wanner  optical  pyrometer. 

The  Wanner  Photometric  Pyrometer*  is  shown  in  Figs.  66  and  67.  This  tele- 
scopic instrument,  is  in.  long,  like  that  of  Comu-LeChatelier,  makes  a  photo- 
mttric  comparison  of  the  intensity  of  light  emitted  by  an  incandescent  body, 
whose  light  is  to  be  measured  with  that  of  a  small  incandescent  6-volt  lamp  fed 
byiportable  storage  battery  weighing  about  1 5  lb.  The  light  from  the  incandes- 
cent body  enters  directly  through  the 
)lit5i,Fig.  66;  that  from  the  incandes- 
(cnt  lamp  is  rejected  from  the  ground 
stiriace  of  a  prism  into  slit  Si.  The  two 
beami  pass  through  the  objective  0  and 
the  ditect-vision  prism  P  wliich  spreads 
wdi  out  into  a  spectrum.  The  two 
plectra  then  pass  through  the  Roch 
prism  R  which  breaks  up  each  beam 
into  two  polarized  planes  at  right  angles 
to  one  another.  The  slit  5  cuts  out  all 
light  excepting  a  narrow  band  in  the  red 
put  of  the  spectrum  which  furnishes  monochromatic  light.  The  beams  of  red 
light  pass  through  the  bi-prism  and  lens  Ot  which  spreads  them  out  and  increases 
thai  number  from  2  to  8.  The  bi-prism  is  so  chosen  that  two  of  these  spectra, 
polarized  in  planes  at  right  angles  and  coming  from  the  hot  body  and  the  incan- 
(iescent  lamp  respectively,  are  brought  into  contact  in  the  field  view.  All 
other  images  are  cut  out  by  the  diaphragm  D.  By  rotating  the  Nicol  prism  A , 
one  field  can  be  strengthened  and  the  other  weakened  fintil  both  have  the  same 
intensity. 
The  amount  of  rotation  read  on  the  graduated  head,  3  1/3  in.  in  diam., 
'  Leeds-Northnip,  Philadelphia. 

'  Wanner,  SlaU  u.  Eisen,  1902,  xxn,  107;  Iron  Age,  1904,  Feb.  tS,  p.  15. 
WaJdoer- Burgess,  sp.  cit. 

Symposiuiii,  /.  /.  and  St.  I.,  1904,  l,  "4°.  'Ss- 

Improved   Form  "Scimatco,"  Scientific  Materials  Co.,  Pittsburgh,  Pa.;  also  Wanner, 
SM  >.  £u«M,  igii,  XXXI,  J36. 


Fic.  67. — Wanner  optical  pyrometer. 
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serves  as  a  measure  of  the  intensity.  The  intensity  of  the  light  from  the  incan- 
descent lamp  will  vary  with  the  current  of  the  battery.  The  lamp  must  be  set 
to  a  standard  intensity  at  least  once  a  day.  This  is  done,  as  shown  in  Fig.  67, 
by  sighting  the  pyrometer  on  a  ground-glass  diffusing  screen  illuminated  by  an 
amyl-acctate  lamp  kept  at  a  constant  height  which  is  defined  by  a  flame-gauge 
attached  to  the  lamp.  The  index  on  the  graduated  head  is  now  set  to  a  definite 
mark  (the  normal  point),  and  the  current  through  the  lamp  regulated  by  rheo- 
stat until  the  two  fields  are  of  the  same  intensity.  The  loss  of  light  involved 
by  this  system  makes  the  lower  limit  of  temperature  measurement  about  900®  C. 
With  the  necessary  precautions  as  to  strength  of  current,  readings  accurate  to 
I  per  cent,  are  readily  made. 

6.  Radiation  Pyrometers.' — In  this  class  of  apparatus  the  heat  radiated 
from  a  furnace  or  any  hot  body  is  made  to  act  upon  a  measuring  instru- 


Fic.  68. 


Fig.  69. 


Fig.  70a.  Fig.  70b. 

Figs.  68  to  70. — Fer>-  radiation  mirror  pyrometer. 


ment,  and  the  change  produced  noted,  which  stands  in  a  direct  relation  to  the 
temperature. 

The  Fer\'  Radiation  Mirror  P>Tometer*  has  found  favor  in  some  metallur- 
gical plants,  as  the  temperatures  are  accurate  and  are  read  quickly,  and  the 
apparatus  is  not  inconvenient  to  handle.  Fig.  68  gives  an  end  view  showing  a 
hinged  sectoral  diaphragm  ^-ith  shutters  for  reducing  the  opening  of  the  tele- 
scope. Fig.  69  a  longitudinal  section,  and  Fig.  70a  and  b  two  focusing  diagrams. 
The  essential  parts  are,  3/,  a  gold-coated  glass  mirror  with  opening  in  center; 
£,  the  eye-piece;  Z/,  the  head  of  a  pinion-rod  attached  to  pinion  P  engaging  in 
rack  R  for  moving  to  and  fro  the  mirror  to  focus  the  incandescent  object;  F,  the 

*  Shook,  Met.  Chtm,  Eng.,  191 2,  x,  238,  334,  416,  478,  534. 

*  Wilson-Maeulcn,  School  Mines  Quart. ,  1907,  xx\'iii,  353;  Foster,  i/e/.  CAfm.  JSiif .,  1909 
VII,  39;  Taylor  Instrument  Co.,  Rochester,  N.  Y. 
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focus  with  copper-constantan  thermocouple  surrounded  by  two  semicircular 

mirrors  set  at  a  slight  angle  to  one  another,  so  that  the  observer  looking  through 

eye-piece  E  sees  the  black  image  of  the  thermocouple  split  into  an  upper  and 

-  lower  half;  T,  two  insulated  binding  posts  connected  with  brass  strips  that  are 

attached  to  the  wires  of  the  thermocouple  and  conduct  the  current  through 

leads  to  a  portable  sensitive  millivoltmeter. 

Heat  rays  striking  the  mirror  are  reflected  toward  F,  and  then  focused  upon 
Fby  moving  the  mirror  with  rack  and  pinion.  This  is  accomplished  when  the 
two  halves  of  the  black  spot  seen  through  the  eye-piece  in  the  center  of  the  field 
match  or  conform  as  in  Fig.  706;  when  the  head  E  is  turned  and  the  focus 
destroyed,  one-half  of  the  black  spot  moves  to  the  right,  the  other  to  the  left 
as  shown  in  Fig.  ^oa.  The  focused  rays  warming  the  thermocouple  cause  this 
to  send  out  a  current,  the  e.m.f.  of  which  is  measured.  'The  temperature-read- 
ing is  practically  independent  of  the  distance  of  the  mirror  from  the  hot  body, 
as  the  greater  the  distance  the  smaller  becomes  the  image,  and  as  only  a  small 
part  of  the  image  comes  into  consideration;  all  that  is  necessary  is  that  the  hot 
bage  be  large  enough  to  more  than  cover  the  thermocouple.  In  practice  the 
telescope  may  be  about  i  yard  distant  for  every  inch  in  diameter  of  the  hot 
body.  For  temperatures  ranging  from  500  to  1,100°  C,  the  diaphragm.  Fig.  68, 
is  unhooked  and  allowed  to  hang  down  out  of  the  way  so  as  to  admit  all  the  rays 
into  the  telescope;  for  temperatures  higher  than  1,000  to  1,100°  C,  it  is  swung 
into  place,  and  the  shutter  opened  to  a -fixed  stop  so  as  to  admit  a  certain  por- 
tion of  the  rays;  when  not  in  use,  the  shutter  is  closed.  The  portable  millivolt- 
meter  has  three  rows  of  gradations,  one  in  red  to  check  electrically  the  accuracy 
of  the  mstniment,  and  two  in  black  denoting  degrees  centigrade  scale;  one  of 
these  ranging  from  500  to  1,100°  C.  is  to  be  read  when  the  diaphragm  is  down  and 
all  the  rays  enter  the  tube,  the  other  ranging  from  1,000  to  2,000°  C,  when  the 
diaphragm  is  up  and  the  shutter  opened  to  the  stop.  The  instrument  is  cali- 
brated by  the  maker  against  fixed  temperatures. 

—  7.  Acoustic  Pyrometers. — The  Wiborgh  Thermophone  is  the  only  repre- 
sentative.    It  is  a  small  cylinder,  i  in.  long  by  0.75  in.  diam.,  of  refractory 
material  containing  a  small  amotmt  of  explosive  substance  enclosed  in  a  metal 
casing.    When  a  cylinder  is  placed  in  a  furnace  or  chamber,  the  temperature  of 
which  is  to  be  measured,  it  will  be  brought  in  a  certain  time  to  the  firing-point 
and  explode  with  a  sharp  detonation.    The  time  which  elapses  from  the  moment 
the  cylinder  is  placed  in  the  furnace  until  it  explodes  is  noted  to  1/  5  of  a  second. 
The  corresponding  temperature  is  given  in  a  table  supplied  by  the  makers  of  the 
cylinders.    Temperatures  from  300  to  2,200°  C.  can  be  approximately  deter- 
mined with  the  thermophone;  they  agree  to  1/5  second  or  to  20°  in  1,000°  C. 
It  is,  of  course,  absolutely  necessary  that  the  cylinders  be  protected  from  mois- 
ture, and  be  kept  at  an  initial  temperature  of  say  20°  C. 

8.  Electric  Pyrometers. — There  are  two  types  of  these,  the  electric 
resistance  and  the  thermoelectric. 

(a)  Electric-resistance  Pyrometers. — Measurement  is  based  upon  the  increase 
'  of  resistance  a  wire,  usually  Pt,  offers  to  the  passage  of  a  ciurent  with  the  rise 
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of  temperature.  The  apparatus  contains  three  parts,  a  battery  to  produce  the 
current,  a  coil  the  resistance  of  which  to  the  current  is  to  be  measured,  and  a 
bridge  for  measuring  the  resistance.  Two  pyrometers  may  serve  as  examples, 
the  W.  Siemens  and  the  CaUender. 

The  Siemens  pyrometer'  is  represented  diagrammatically  in  Fig.  71.  A 
current  passing  out  from  battery  B  is  divided ;  one  branch  goes  through  the  plat- 
inum wire  C  coiled  around  a  clay  cylinder,  the  other  to  the  resistance  coil  R. 
^  At  ordinary  temperature  the  resistances  of  the  two  wires  are 

balanced.  When  the  clay  cylinder  is  introduced  into  the  heated 
space,  the  temperature  of  which  is  to  be  measured,  the  resis- 
tance of  its  wire  increases  and  causes  a  deflection  in  the  galvan- 
ometer G,  which  indicates  the  temperature  directly  if  it  l)a3  been 
standardized  against  known  temperatures.  The  main  defect 
of  the  original  form  was  that  its  zero-point  changed.  In  the 
latest  form'  this  has  been  corrected  by  the  use  of  Callecder'a 
compensating  leads. 

The  Callender'  Pyroueteb. — Callender  found  that  the 
change  of  zero  in  the  Siemens  instrument  was  not  inherent  in 
the  method,  but  was  due  to  strains  in  and  to  contaminations 
of  the  wires,  and  proved  that  the  method  would  give  most 
accurate  results  if  these  were  removed.  His  pyrometer  is  repre- 
sented di grammatically  in  Fig.  72:  The  pyrometric  coil  P  is 
connected  with  the  lead  wires  AM  and  KN.  Wires  CL  and  DL 
are  the  "compensating  wires";  they  have  the  same  resistances 
6.i  AM  and  KN,  and  are  so  placed  that  corresponding  parts  may  always  be  at 
the  same  temperature.  Wires  AB  and  BC,  which  have  equal  resistances,  and 
DE,  a  set  of  resistance  coils,  are  brought  together  in  a  box;  FK  is  a  straight-wire 
bridge  with  scale,  U  the  sliding  contact-piece,  and  G  the  galvanometer;  the 


— Callendiir  electric 


battery  is  connected  at  A  and  C.    Supposing  the  balance  to  have  been  found, 
with  the  galvanometer  pointing  to  zero,  by  in5t.'rting  suitable  resistances  in  DE 

'  Siemens,  Pfoe.  Roy.  Soc,  i87i,xk,  351;  Trans.  Soc.  Tekgr.  Eng.,  1874,10,  »q7. 

CaUender,  Phil.    Trans.  Roy.  Sec,  1887,  CLXXViii,  161;  7.  I.  and  St.  I.,  1891,  i,  164, 

Roberts- Austen,  Tr,  A.  I.  M.  E.,  iii)i,  XXiir,  415. 
'/.  /.  and  St.  I.,  1904,  I,  118. 
'  Callender,  Phil.  Trans.  Roy.  Soc,  1888,  clvkviii,  A,  160;  /.  /,  and  St.  /.,  189a,  t,  169. 

Callender-Griffith,  Phit.  Trans.  Roy.  Soc,  1891,  183,  A,  cixxxi,  43. 

Roberts-Austen,  Tr.  A.  I.  M.  E.,  1853,  xxiii,  417. 

Report,  J.  I.  and  St.  I.,  1904, 1,  103. 
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ud  ghifting  the  contact-piece  E:  the  resistance  AM,  P,  NK  will  be  equal  to 
SF,  FE,  ED,  DL  and  £C.  As  any  change  in  the  leads  AM  and  KN  is  com- 
pomted  by  that  in  CL  and  LD,  all  changes  in  P  will  be  measured  by  the  coils 
in  DE  that  have  been  thrown  into  circuit,  plus  the  reading  on  FK.  One  of 
the  industrial  instruments,'  made  by  the  Cambridge 
Sdentific  Instrument  Co.,  Cambridge,  England,  is  shown 
in  Tig.  73-  Two  heavy  platinum  wires,  the  out  and  re- 
tum  wires  or  true  leads,  and  the  compensating  wires,  or 
blind  leads,  pass  from  the  head  through  an  externally 
{^ued  porcelain  tube;  they  are  held  apart  by  mica  discs 
ind  are  wound  on  a  serrated  frame  of  mica.  The  ter- 
minals are  connected  with  a  battery  and  a  self-reading  C 
resistance-box  contained  in  a  portable  box  not  shown. 

Resistance  pyrometers  are  very  accurate, within  0.05 
ptrcent.  up  to  1,000°  C.  As  instruments  for  metallur- 
gical purposes  they  have  the  disadvantage  of  being  com- 
plicated and  expensive,  and  at  the  same  time  fragile 
and  easily  damaged.  They  are,  therefore,  not  generally 
mtd  at  smelteries. 
r —  [h)  Thermo-electric  Pyrometers. — Measurement  is 
bised  upon  the  fact  that  by  heating  the  thermo-Junc- 
tira  of  two  ^ssimilar  metals,  a  current  is  produced  in  a 
dosed  drcniit  which,  according  to  Barus,'  is  nearly,  if 
not  exactly,  proportional  to  the  absolute  temperature  of 
the  junction. 

The  pyrometer  of  H.  LeChatelier,*  invented  in  1886, 
lus  become  the  leading  instrument  for  the  accurate 
measurement  of  temperatures  ranging  from  300  to  i  ,600"  (o^n  „('  callendat  electric 
C-  It  consists,  Fig.  74,  of  a  thermo-electric  couple  J,  resistance  pyrometer, 
tro  connecting  leads  L,  cold  junction  C,  and  a  galvano- 
meter F.  The  couple  is  composed  of  two  No.  34  wires  (0.032  in,  thick);  one 
■s  Pt,  the  other  a  homogeneous  alloy  of  Pt  with  10  per  cent.  Rd  or  Ir.  The 
flies  are  thin  in  order  that  the  couple  may  almost  instantaneously  assume 
ttie  temperature  of  the  heated  space.  The  junction  (called  "hot  junction" 
»s  it  is  exposed  to  the  heat  to  be  measured)  is  made  by  twisting  together 
tie  ends,  or  by  soldering  them  with  Au,  Pd  or  Pt.  The  wires  are  isolated 
from  one  another  by  passing  them  through  small  refractory  clay  tubes  (0.34 
11.  diam.,  II. 8  in.  long)  with  a  double  bore,  Fig.  76  (or  fused  silica  tubes),  or 
by  covering  them  with  asbestos  string  which  is  wound  over  and  under  in 
the  form  of  the  figure  8,  each  wire  passing  through  one  of  the  loops.     Asbestos 

'/.  I.  aHd  SI.  I.,  1S91,  I,  176;  1904,  I,  104. 

'  V.  S.  Geol.  Survey,  Bua.  No.  S4.  p-  Si- 

'  Compl.  rend.,  i8gi,  cxiv,  470;  Tr.  A.  I.  M.  E.,  1893,  xxiii,  418;  Eng.  Mm.  J.,  1891, 
"".  399;  J.  /■  o«rf  St.  /.,  1891,  I,  90;  1891,  11,  33;  1893.  I,  iia;  1904,  I,  106;  School  Mines 
Quart.,  iS^i.xn,  143;  SUM  u.  Eistn,  iSg3,xu,&g4;  Berg.  Iliillenm.Z. .iSgi.LJ,  377,301,31c. 
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melting  at  1,200  to  1,300®  C.  can  be  used  only  with  temperatures  lower 
than  1,200°  C.  The  insulated  wires  are  enclosed  in  an  iron  tube,  0.5  in. 
inner  diam.,  so  as  to  permit  introducing  the  junction  into  the  heated  ^)ace. 
The  arrangement  represented  in  Figs.  75  and  76  is  intended  for  measuring  the 
temperature  in  an  open-hearth  furnace.  It  shows  the  iron  tube,  10  ft.  long,  with 
double-bore  clay  tubes  and  wires,  clamped  to  a  stick,  3  ft.  3  in.  long.  Two 
isolated  copper  leads  from  the  galvanometer,  held  in  one  countering,  are  wound 


F  Furnace 

J  Thermo-EIcctric  Couple 

L   Lead  Wires 


C    Cold  Junction 
V     Milli-voUmeUr 


Fig.  74. — ^LeChatclicr  thermo-electric  pyrometer.  (Norton.) 

around  the  stick  and  their  protruding  ends  are  connected  with  the  Pt  andPt-W 
wires.     With  a  shorter  iron  tube,  say  6  ft.  long,  a  wooden  handle  is  secured  to 
the  tube,  as  shown  in  the  StupakofT^  arrangement.  Fig.  77.    The  handle  cam« 
the  binding  posts  for  the  leads  from  the  galvanometer;  the  posts  form  small 
spools  for  extra  lengths  of  Pt  and  Pt-Rd  wire  to  permit  replacing  parts  of  the 
couple  that  break  or  bum  off.       In  taking  the  temperatures  of  fused  metals 
there  is  danger  of  the  junction  alloying;  or,  in  making  a  prolonged  obser%'*' 
tion  in  a  reducing  atmosphere,  the  wires  may  be  affected.     It  can  be  protect^ 
by  covering  it  with  a  paste  made  of  quartz  with  10  per  cent,  clay  and  some  sU^' 
cate  of  soda,  or  by  enclosing  it  in  silica-tubing  or  in  a  fire-clay  tip  as  shown  i^ 


u — 


,0.-- 


^H^^ 


Figs.  75  and  76. — Protection  cylinder  with  double-bore  clay  tubes 


Fig.  77.  The  angular  connection  in  this  figure  can  be  replaced  by  one  forming 
a  straight  continuation  of  the  rod.  It  takes  about  1.75  min.  exposure  for  the 
protected  couple  to  assume  the  temperature  of  the  surrounding  metal;  a  naked 
couple  requires  not  over  5  sec.  The  movable  hand-screen  in  Fig.  77  protects 
from  the  heat  the  hand  of  the  observer. 

The  connecting  leads,  attached  to  the  Pt  and  Pt-Rd  wires  by  twisting  or 
soldering,  arc  isolated  (rubber-covered)  electric  copper  wires  not  smaller  than 
No.  14  gauge  (0.083  i^-)*     The  resistance  of  ^2^  ft.  No.  20  (0.035  ^^0  copper 

*  Foundry^  189S,  xiii,  100. 


■wire  is  only  3.3$  ohms,  and  insignificant  figure  in  comparison  with  that  of  the 
galvanometer,  which  is  at  least  aoo  ohms.  The  leads  can,  therefore,  be  made 
very  long  and  the  galvanometer  set  up  at  a  considerable  distance  from  the 
furnace. 

In  accurate  work,  it  is  necessary  to  know  the  temperature  of  the  junctions 
of  the  thermoelectric  couple  with  the  copper  leads,  the  so-called  "cold  junction." 
For  this  purpose  they  are  enclosed  in  a  small  stoppered  bottle  C  with  thermom- 
eter as  shown  in  Fig,  74.  The  temperature  of  the  bottle  may  be  prevented 
from  fluctuating  by  wrapping  it  in  some  insulating  material  such  as  felt,  mag-J 
nesia  or  asbestos.  The  simplest  way  of  keeping  the  temperature  of  thecoldv 
junction  constant  is  to  keep  it  at  0°  C.  in  melting  ice. 


Fic.  77,~LeChaleli 


The  galvanometer  for  measuring  the  currents  formerly  in  common  use  is 
the  Dcprez-d' Arson val  type  which  is  accurate  to  0.01  per  cent.  In  it  the  f)osi- 
tion  of  a  coil  of  wire  suspended  in  a  magnetic  field  is  changed  with  the  strength 
of  the  current  passing  through  it.  The  change  is  indicated  by  observing  the 
path  of  a  beam  of  light  reflected  from  a  mirror  attached  to  the  coil  (Carpcntier), 
or  the  deflection  of  a  pointer  attached  to  it  (Keiser  and  Schmidt).  The  Car- 
penticr  apparatus,  Figs.  78  to  83,  consists  of  two  wooden  frames  .4  and  B 
fastened  back  to  back  to  a  center  board  C  with  handle,  thus  making  the  whole 
compact  and  portable.  The  box  A  is  suspended  from  a  hook  in  a  place  free 
from  vibrations,  the  swinging  door  opened  and  the  apparatus  then  adjusted 
by  means  of  set-screws  vv  and  the  small  plumb-bob.  The  box-shaped  cover  D  is 
now  taken  oil;  this  leaves  B,  as  shown  in  Fig.  81,  to  be  suspended  and  leveled. 
The  distance  between  A  and  5  is  i  m.  (.3.3  ft.).  The  galvanometer  consists  of 
the  permanent  horse-shoe  magnet,  AB.  Fig.  S3,  between  the  poles  of  which  a 
soft -iron  core  E  is  supported  by  a  standard  (not  shown).  The  core  is  surrounded 
by  a  torsion  balance  E,  a  rectangular  frame,  Figs.  82-83,  of  fine  German-silver 
ttircof  at  least  200  ohms  resistance  (400-500  ohms  is  better).  It  is  held  in  posi- 
tion by  two  vertical  wires  with  balls  at  the  ends,  all  of  Germ  an -silver.     The 
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upper  ball  is  suspeDded  from  a  hard-rolled  copperplate  /,  bent  to  the  fomof  i 
spring  which  can  be  tightened  or  loosened  with  the  thumb-screw  V.    The  fnae 


0  1^ 


Fig.  83. 
Fios.  78  to  aj.^LeChatclier  pyrometer  with  Duprei-d' Arson val  galvanometer  and  CaipeBU* 
arrangement. 

carries  a  small  plano-convex  mirror  m  balanced  by  disc  d;  the  position  of  the 
mirror  may  be  adjusted  from  the  lower  suspension  ball;  b  and  b'  are  the  +  a"^ 
_  —   poles.     Box  B  holds  the  lamp  inclosed  in  ' 

sheet-iron  cylinder  c  and  the  graduated  transparent 
sliding  scale  d.  Benzine  or  naphtha  are  burnt  in 
the  lamp;  a  small  gas-flame  or,  better  still,  a  smaU 
incandescent  electric  lamp  may  serve  as  a  source 
of  light.  On  one  side  of  the  chimney  is  a  smaU 
tube  with  lens  to  collect  the  rays  of  light  and  con- 
verge them  on  the  mirror.  The  scale-frame  in 
front  of  the  tube  has  a  small  window  with  a  ver- 
tical wire.  The  image  of  the  bright  window  aod 
its  dark  wire  are  reflected  by  the  mirror  m  onto  the 
transparent  scale  d  and  make  an  exact  reading  easy, 
especially  i(,  as  is  usual,  the  place  is  darkened  by  a 
curtain.  When  the  image  appears  on  the  scale, 
this  is  placed  at  zero  either  by  moving  the  adjust- 
able scale  in  its  frame  or  by  turning  the  galvanonleter  with  the  set-screws  or 
by  revolving  one  of  the  suspension- wires,  especially  the  lower  one. 
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iie  Keiser  and  Schmidt  galvanometer,  6  m.  diam.  X  3.5  in.  high,  Fig. 

coii  has  to  be  much  more  sensitive,  as  the  pointer  has  to  travel  over  a 
arger  angle  than  in  the  Carpentler  instrument.  This  is  attained  by 
only  the  upper  suspension,  and  by  using  a  very  6ne  wire.  The  apparatus 
)e  handled  with  care.  When  it  is  to  be  used,  it  is  leveled  and  the  screw 
ide  loosened  to  remove  the  suspension  of  the  coil.  When  a  reading  has 
ade,  the  side-screw  is  tightened  up  again.* 

apparatus  having  been  set  up  is  ready  to  be  calibrated.  This  is  done 
osing  the  hot  junction  to  melting  and  boiling  substances  with  known 
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Fic.  85.^ — Calibration  of  LcChatelict  pyrometer. 

-  and  boiling-points.  By  plotting  the  temperatures  as  ordinates  and  the 
ms  as  abscissa  (Fig.  85),  a  flat  parabolic  curve  is  obtained  from  which 
intervening  temperatures  may  be  read  ofif.  Some  such  fixed  points  are: 
HiO,  100°;  boiling  naphthalene,  CioHg,  218°;  boiling  S,  444°;  melting 
';  Au,  1,063";  Cu,  1,084°;  Pd,  1,550°;  Pt,  1,755°.  Exposing  the  couple 
ig  water  in  a  beaker  or  to  melting  naphthalene  in  a  test-tube  is  simple; 
boiling  in  a  test-tube  care  must  be  taken  not  to  plunge  the  couple  into 

ecent  years  galvanometers  by  Siemens-Halske,  Berlin-New  York;  the  Cambridge 
nt  Co.,  Cambridge,  England;  the  Taylor  Instrument  Co.,  Rochester,  N.  Y.;  the 
d  Notthnip  Co.,  Philadelphia,  Pa.,  and  probably  some  other  makes  have  come  into 
enl  me  than  the  two  galvanometers  described. 
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the  fluid  overheated  5,  but  to  keep  it  in  the  vapor.  A  simple  way  of  exposing 
the  couple  to  a  fused  metal  is  to  wind  a  small  strip  of  it  aroimd  the  couple,  sur- 
round it  with  a  little  asbestos,  and  heat  carefully  with  a  Bunsen  burner,  or 
for  higher  temperatures  with  an  oxygen-illuminating  or  an  oxy-hydrogen  gas 
blowpipe.  The  picture  of  the  transparent  scale  will  move  on  slowly  (Fig.  85), 
come  to  a  stop  while  the  metal  is  melting  and  then  rise  again  when  the  molten 
metal  is  being  superheated.  Heating  much  above  the  melting-point  of  a  metal 
is  to  be  avoided,  as  there  is  danger  of  the  couples  becoming  alloyed.  When 
the  flame  is  removed,  the  metal  will  cool  down  slowly  and  the  receding  picture 
again  comes  to  a  stop,  while  the  metal  solidifies.  Thus  the  melting-point  is 
verified  by  the  freezing-point. 

With  a  larger  mass  of  metal,  some  kind  of  crucible  furnace  will  be  needed. 
In  either  case  the  heating  should  be  performed  slowly.  With  water,  naph- 
thalene and  sulphur,  the  image,  of  course,  comes  to  a  stop  when  the  boiling- 
point  has  been  reached.  In  plotting  the  curve,  the  room  temperature  (or  tem- 
perature of  the  cold  junction)  has  to  be  deducted  from  the  observed  fixed  points, 
and  in  using  the  curve  later  on,  the  room-  or  cold-junction  temperature  has  to 
be  added.  Holman^  devised  the  logarithmic  plot  which  requires  only  two 
points  (S  and  Cu  for  low,  Cu  and  Pt  for  high  temperatures)  which  are  then  con- 
nected by  a  straight  line. 

The  advantages  of  the  thermo-electric  pyrometer  arc,  that  it  is  accurate, 
that  the  observed  temperature  depends  solely  upon  the  difference  in  tempera- 
ture between  the  hot  and  cold  junctions,  that  it  is  adapted  for  measuring  tem- 
peratures of  small  spaces,  that  it  indicates  the  temperatures  quickly  and  is  thus 
suited  for  measuring  varying  temperatures  (cooling  curves),  that  it  is  durable  as 
long  as  it  is  protected  from  Si  and  metal,  that  it  can  be  readily  checked  at  any 
time. 

In  order  to  permit  noting  automatically  all  thermal  changes  in  metals, 
alloys  or  metallic  compounds,  continuously  recording  devices  have  been  con- 
structed. The  record  is  made  by  means  of  a  pen  (as  with  the  Uehling-Steinbart 
record,  Fig.  61)  or  photographically.  The  leading  apparatus  are  those  of 
Roberts-Austen,^  Saladin,*  Callender,*  Siemens  and  Halske,*  Kumakoff,* 
Wolgodine,^  Northrup,®  Burgess^  and  Brown^^ 

98.  Fuels  Proper.  Introduction. — Fuels  occur,  in  nature  in  the  solid,  liquid, 
and  gaseous  state.    They  are  used  in  the  arts  either  in  the  natural  state,  as 

■ 

^  Proc.  Am,  Acad.  Art,  5c.,  1895-96,  xxxi,  218,  234. 

•  Tr,  A,  /.  M,  E.y  1893,  XXIII,  420. 

•  Iron  and  Steel  Metallurgist  and  Melallographist,  1904,  vii,  237. 
*Phil,  Mag,t  1910,  XIX,  538. 

'  Zt.  InstrumenlcnkundCy  1904,  xxiv,  350;  1905,  xxv,  273. 

•  Zt,  Anorg,  Chem.,  1904,  xlii,  184. 
^  Rev,  Mit.,  1907,  IV,  552. 

•  Tr,  Am,  Electrochem,  Soc.j  1909,  xv,  331. 

•  Bureau  of  Standards,  Washington,  1908,  Bull,  No.  5,  "Methods  of  Obtaining  Cooling 
Curves,"  p.  199. 

"  Electrochem,  Met,  Ind.,  1909,  vii,  329. 
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they  come  from  the  mine  or  well,  or  they  are  first  subjected  to  some  preliminary 
treatment.    Fuels  are  conveniently  classed  under  the  following  heads: 
SoLU)  Fuels: 

Natural  Fuels:  Wood,  peat,  brown  coal  (lignite),  bituminous  coal,  anthracite. 

Prepared  Fuels:  Pulverized  fuel,  compressed  fuel,  carbonized  fuel  (charcoal, 
peat-coke,  lignite-coke,  coke). 
LiQum  Fuels: 

Natural  Fuels:  Petroleum. 

Prepared  Fuels:  Distilled  oil. 
Gaseous  Fuels: 

Natural  Fuels:  Natural  gas. 

Prepared  Fuels:  Iron  blast-furnace  gas,  producer  gas,  water  gas,  coal  gas, 
oQgas. 

99.  Natuiai  Solid  Fuels  in  General. — All  natural  solid  fuels,  with  the  excep- 
tion of  perhaps  graphite,  are  of  vegetable  origin.  The  yoimger  fuels,  wood  and 
peaty  are  being  formed  at  present;  the  older  ones,  brown  coal,  bituminous  coal 
and  anthracite  were  formed  in  preceding  geological  periods  and  have  undergone 
many  changes  since  they  were  buried  in  the  earth.  Thus  the  color  has  changed 
from  white  to  yellow,  brown  and  black;  the  specific  gravity  has  been  nearly 
doubled;  the  amount  of  H2O  has  greatly  decreased  as  has  the  percentage  of  0 
with  a  corresponding  increase  of  the  percentage  of  C.  Table  71  of  Griiner^  for 
solid  fuels  free  from  water  and  ash  brings  out  clearly  the  changes  vegetable 
matter  has  undergone  by  mineralization.  Anthracite  and  the  values  for  dis- 
posable H  and  the  calorific  power  have  been  added  to  the  original  table. 

100.  Wood.* — Wood,  which  for  many  ages  was  the  sole  fuel  of  man,  has 
become  of  minor  importance  to  the  metallurgist  since  the  advent  of  coal.  It 
holds  its  own,  however,  as  a  metallurgical  fuel  in  districts  in  which  coal  or 
other  mineralized  fuel  is  expensive.  Trees  are  generally  classed  as  deciduous 
(broad-leaved)  and  evergreen  (coniferous).  Their  heat  value  depends  upon  the 
proportion  of  wood-substance,  and  this  is  indicated  by  the  apparent  specific 
Pavity,  I.e.,  the  relationship  between  a  volume  of  wood  (including  the  cell- 
spaces)  and  an  equal  volume  of  water.  Wood  with  an  apparent  specific  gravity 
of  0.55  and  over  when  dry  is  often  called  hard  wood,  and  soft  wood  if  the  appa- 
rent specific  gravity  is  below  0.55.  The  true  or  actual  specific  gravity  of  wood- 
substance  is  about  1.5.  A  hard-and-fast  line  cannot  be  thus  drawn  between 
hard  and  soft  wood,  as  the  apparent  specific  gravity  of  a  species  is  not  a  fixed 
number,  but  covers  a  certain  range. 

In  Table  72  by  Roth,'  giving  the  weights  of  some  kiln-dried  woods,  are  in- 
scribed the  three  divisions,  hard,  medium  and  soft  woods.  Best  southern  pine 
is  enumerated  under  hard  wood,  ordinary  pine  under  medium;  heavier  spruce 
md  fir  are  included  under  medium  light,  ordinary  spruce  and  fir  under  soft. 

»  "Traits  de  M6Ullurgic,"  Dunod,  Paris,  1875,  i,  67. 

'F.  Roth,  "Timber/'  BtUl.  No.  10,  U.  S.  Depl.  of  Agriculture,  Division  of  Forestry, 
Washington,  1905. 
*Op.cit,,p.  28;  see  also  Report^  Tenth  Census  (1880)  U.  S.,  Vol.  dc,  pp.  248,  266. 
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Tablx  7a. — Roth:  Weights  op  Dotekekt  Species  op  Kilm-dsied  Woods 


Character  of  wood 

Common  name  of  species 

Apparent 
sp.  gr. 

Weight 

ofz 
cu.  ft. 
lb. 

Very 
heavy 

Hickory,  oak,  persimmon,  osage  orange,  black 
locust,  hackberry,  blue  beech,  best  of  elm,  ash. 

0.70-0.80 

42-48 

Hard 

Heavy 

Ash,  elm,  cherry,  birch,  maple,  beech,  walnut, 
sour  gum,   coffee-tree,   honey-locust,   best  of 
southern  pine,  tamarack. 

0.60-0.70 

36-42 

Medium 

• 

Southern  pine,  pitch-pine,  tamarack,  Douglas 
spruce,  western  hemlock,  sweet  gum,  soft  maple, 
sycamore,  sassafras,  mulberry,  light  grades  of 
birch  and  cherry. 

0.50-0.60 

30-36 

Medium 

Light 

Norway  and  bull  pine,  red  cedar,  cypress,  hem- 
lock, heavier  spruce  and  fir,  redwood,  basswood, 
chestnut,  butternut,  tulip,   catalpa,  buckeye, 
heavier  grades  of  poplar. 

0.40-50 

24-30 

Soft 

Very 
Hght 

White  pine,  spruce,  fir,  white  cedar,  poplar 

0.30-40 

18-24 

Wood  is  sold  by  the  cord:  4X4X8  ft.  =  128  cu.  ft.  The  cord  has^  about  56 
per  cent,  solid  wood  and  44  per  cent,  interstitial  spaces.  According  to  Femow' 
I  cord  fire  wood  (>6  in.  diam.)  contains  69.44  per  cent,  solid  wood  or  75  cu.  ft.; 
I  cord  billet  wood  (3-6  in.  diam.)  55.55  per  cent,  or  60  cu.  ft.;  for  brushwood 
(<3  in.  diam.)  the  figure  is  18.52  per  cent,  and  for  roots,  37  per  cent.  One 
cord  of  air-dried  hickory  or  hard  maple  weighs  about  4,500  lb.;  white  oak, 
3,850;  beech,  red  or  black  oak,  3,250;  poplar,  chestnut,  elm,  2,350;  average 
pine,  7,000  lb. 

The  ultimate  composition  of  wood  is  fairly  uniform  for  diflferent  species 
(see  Table  71);  the  rational  analysis  shows  that  it  consists  of  cellulose  with  its 
incnisting  layer  of  lignin,  of  sap,  water,  and  a  small  amount  of  inorganic  matter 
forming  the  ash.  Cellulose  (analysis,  see  Table  71),  the  wood-substance  or  wood- 
fiber  is  the  main  heat-giving  constituent  of  wood;  it  forms  95  to  96  per  cent,  of 
wood  freed  from  H2O.  Lignin  and  sap  are  composed  mainly  of  carbohydrates 
and  water  which  hold  in  solution  inorganic  salts.  Their  amounts  vary  with  the 
season  of  the  year  and  form  about  3  per  cent,  of  wood  free  from  H2O.  The 
percentage  of  water  varies  with  the  species,  the  age  and  parts  of  a  tree,  the  soil, 

*  Birkinbine,  J,  Charcoal  Iron.  Work.^  1881, 11,  293. 
^Op,  cU.,  1882,  HI,  20. 
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the  climate  and  the  season  of  year.    Table  73  by  Roth^  gives  approrimatdy 
the  percentage  of  water  lost  by  different  species  when  kiln-dried. 


Table  73. — Loss  of  Water  in  Kiln-drying  Wood  to  70-80*^  C. 


Name  of  species 


Per  cent,  water  lost  ix* 
kiln-dr>'ing 


Sapwood  or 
outer  part 


Pine,  cedar,  spruce  and  fir 

Cypress,  extremely  variable 

Poplar,  Cottonwood,  basswood 

Oak,  beech,  ash,  elm,  maple,  birch,  hickory,  chestnut,  walnut, 
and  sycamore. 


Heartwoo^i  oit 
inner  pax^ 


Wood  newly  felled  contains  30-50  per  cent,  (average,  40  per  cent.)  HjO.  Tre^^ 
when  young  contain  more  H2O  (up  to  60  per  cent.)  than  when  old;  shoots  and 
twigs  are  richer  in  H2O  than  is  the  trunk;  a  rich  soil  and  a  mild  climate  increase 
the  percentage  of  H2O;  in  spring  and  summer  wood  contains  more  water  than  in 
winter  (the  best  time  for  cutting).     Green  wood  after  it  has  been  exposed  fof 
a  couple  of  years  to  the  drying  influences  of  afr  becomes  "ajr-dried,"  but  still  re- 
tains 20  to  25  per  cent.  H2O.     It  is  usually  cut  in  4-ft.  lengths,  split  and  stacked- 
If  too  small  to  be  split,  or  if  the  bark  is  to  be  utilized,  the  wood  is  sometimes  cut 
when  the  sap  begins  to  rise,  and  the  bark  removed.     Wood  should  be  protected 
from  rain  and  wet;  if  floated,  it  should  not  remain  in  the  water  any  longer  than 
necessary,  as  it  becomes  water-logged  and  loses  heating  value.     K  the  HjOisto 
be  reduced  to  below  20  to  25  per  cent,  this  can  be  done  only  by  artificial  heating 
(kiln-drying).    At  125°  C.  wood  loses  all  its  hygroscopic  H2O,  at  150®  C.  decom- 
position begins.     Kiln-drying  has  ceased  to  be  of  any  importance  in  metallur- 
gical works. 

Wood  ash^  is  usually  white;  with  air-dried  wood  it  averages  i  per  cent.  The 
smallest  amount  is  found  in  the  stem  (0.15  per  cent.),  the  largest  in  the  branches, 
leaves  and  roots  (2  per  cent.).  The  analyses  given  in  Table  73a  are  by  Aker- 
man  and  Sarnstrom.^  Wood-ashes  consist  mainly  of  alkali  and  alkali-earth 
carbonates.  The  same  investigators  found  that  broad-leaved  trees  contained 
from  4  to  5  times  as  much  P  as  conifers;  that  conifers  cut  in  winter  contained 
more  P  than  when  cut  in  summer,  and  that  the  bark  and  branches  of  a  tree 
were  richer  in  P  than  the  trunk. 

'  Op.  cU,,  p.  31. 

*  Report,  Tenth  Census  (1880)  U.  S.,  Vol.  dc,  pp.  248,  266. 

•Through  Stohmann-Kerl,   "Handbuch  der  Technischen  Chemie,"  Brunswick,  x893i . 
ZV,  p.  361;  see  also  Lundstrdm,  J.  I,  and  St,  /.,  1888,  i,  260. 
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Air-dried  wood  begins  to  bum  at  280**  C.;^  soft  wood  is  more  readily  kindled 
than  hard,  and  bums  more  quickly  and  with  a  longer  flame.  The  calorific 
power*  of  wood  free  from  HjO  was  given  in  Table  7 1  as  4,000  cal.,  with  wood  con- 
taining 20  per  cent.  HsO  this  figure  is  reduced  to  3,000  to  3,200  cal.  In  burning, 
a  yield  of  80  per  cent,  or  2,400  to  2,500  cal.  can  be  coimted  upon.  According  to 
Brix,*  I  lb.  of  wood  with  16.2  per  cent.  H2O  will  evaporate  3.67  lb.  HjO.  For 
perfect  combustion  i  kg.  dry  wood  requires  4.57  cbm.,  or  i  lb.,  73.36  cu.  ft.  air. 
The  calorific  intensity  of  dry  wood  with  a  calorific  power  of  3,600  cal,  is  2,500** 
C,  that  of  air-dry  wood  with  a  calorific  power  of  2,750  cal.  is  1,900®  C. 

101.  Peat^ — Peat  is  an  accumulation  of  more  or  less  decomposed  vegetable 
matter  in  swampy  places.  Peat  bogs  are  forming  at  present ;  none  are  older  than 
the  Quaternary.  •  The  plants  from  which  peat  was  formed  are  mainly  mosses, 
grasses,  ferns,  rushes,  reeds,  heath,  leaves,  etc.  In  order  that  this  vegetable 
matter  may  be  decomposed  by  fermentation  it  must  be  submerged  in 
water.  Peat  bogs  are  formed  mainly  in  the  temperate  zone  under  special 
conditions  of  moisture  and  heat  on  a  soil  impervious  to  water.  The  process  of 
decay  may  be  expressed  by  6C6Hio06  =  7C02+3CH4+i4H20+C26H2tf02. 

'  Bdrnstein,  7.  Gashd,  und  Wasserversorgungy  1906,  XLix,  648;  see  also  Table  59. 
'See  also  Report,  loth  Census  (1880}  U.  S.,  Vol.  dc,  p.  251;  Poole,  "Calorific  Power  of 
Fuels."  New  York,  1900,  p.  246. 

»  BuU,  Soc,  Ind,  Min,,  1855-56,  i,  48. 

*  Johnson,  S.  W.,  "Peat  and  Its  Uses,"  Orange,  Judd  Co.,  New  York,  1866. 

Leavitt,  T.  H.,  "Facts  about  Peat," Lee  &  Shepard,  Boston,  1867. 

KoUer,  Th.,  "Die  Torfindustrie,"  Hartleben,  Lcipsic,  1898. 

Thenius,  G.,  "  Die  Technische  Verwertung  des  Torfes  und  seiner  Destillations  Producte," 
Hartleben,  Leipsic,  1904. 

Hausding,  A.,  "Handbuch  der  Torfgewinnung  und  Torfverwerthung,"  Parey,  Berlin, 
1904. 

Min,  Ind,,  1893,  n,  489;  1898,  vn,  191. 

Bureau  of  Mines  of  Ontario,  1903,  191-234,  "Peat  Fuel,  Its  Manufacture  and  Use." 

Microscopical  Examination,  Bull,  Soc.  Ind,  Min.,  1899,  xin,  869. 

Bjorling,  Coll.  Guard.,  1900,  lxxx,  1127,  ii 83,  1294;  1901,  ixxxi,  2Z. 

BjSrling,  P.  R.,  and  Gissing,  F.  T.,  "Peat,  Its  Use  and  Manufacture,"  Griffin-Lippincott, 
London-Philadelphia,  1907. 

Gissing,  F.  T.,  "Commercial  Peat,  Its  Uses  and  Its  Possibilities,"  Griffin-Lippincott, 
London-Philadelphia,  1910. 

Davis,  C.  A.,  "Formation,  Character  and  Distribution  of  Peat  Bogs  in  the  Northern 
Peninsula  of  Mich.,"  Rep.  Stale  Board  oj  Geol.  oj  Mich.,  1906,  Lansing,  Mich.,  1907,  pp.  i8x- 

395. 

Davis,  C.  A.,  "Uses  of  Peat  for  Fuel  and  Other  Purposes,"  Bureau  Mines,  Bull,  16,  191 1. 

Lee- Nickels,  "  BibUography  of  U.  S.  Geol.  Survey,"  Bull.  341,  U.  S.  GeoL  Survey,  1907. 
p.  41Q. 

Nystrom,  E.,  "Peat  and  Lignite,  Their  Manufacture  and  Uses  in  Europe,"  Report, 
Mines  Branch,  Interior  Dept.,  Ottawa,  Canada,  1908. 

Peat  Industry  in  Canada,  1908-09.    Bull,  i,  Dept.  Mines,  Mines  Branch,  1909. 

Anrcp,  A.,  "Peat  Bogs  and  Peat  Industry  of  Canada,"  1909-10,  1910-11,  Bull,  Dept 
Mines,  Ottawa,  1910,  1912. 

Krupp,L.  A.,  "An  Automatic  Peat  Fuel  Producing  Plant,"  /.  Am,  Peat  Soc.,  19x2,  ¥,31. 

Journal  of  the  American  Peat  Society,  Toledo,  O.,  Vol.  i,  1908-09,  and  foUowing. 
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The  older  and  thicker  the  deposit,  the  further  will  decaying  have  progressed; 
the  denser  and  harder  will  be  the  peat,  and  the  higher  its  calorific  value.  On  the 
ti^  of  a  bog  will  be  found  the  green  sod,  then  follows  the  middle  layer  composed 
of  tangled,  light-brown  roots  and  remains  of  plants  partly  decomposed;  in  the 
fewer  layer  the  peat  appears  as  a  fine-grained,  compact,  deep  brownish-black 
mass  free  from  fiber  which  often  shows  a  pitchy  luster.  As  the  waters  leading 
to  a  bog  carry  with  them  sands  and  slimes  which  settle,  peat  will  always  be 
comparatively  rich  in  ash.  Peat  bogs  are  4  to  12  ft.  thick;  occasionally  they 
reach  a  depth  of  50  ft.  In  North  America^  they  are  found  mainly  in  the  north- 
eastern portion.  Their  southern  limit  is  along  a  line  drawn  through  New 
Jersey,  Permsylvania,  Ohio,  Indiana  and  Delaware;  their  western  limit  is  in  cen- 
tral Wisconsin  and  eastern  Miimesota.  In  Europe^  bogs  are  worked  exten- 
sivdy  in  Great  Britain,  Scandinavia,^  Germany,^  Holland,  Russia  and  Austria. 
Peat  when  dug  is  wet,  containing  as  much  as  80  per  cent.  H2O;  when  air-dry  it 
retains  15  to  20  per  cent.  This  figure  may  be  reduced  by  artificial  drying  at 
100  to  120°  C,  but  being  very  hygroscopic,  peat  quickly  again  absorbs  H2O. 
At  120®  C.  decomposition  begins.  Hausding^  gives  0.213-1.039  as  the  range  of 
specific  gravity.  Kane*  estimates  the  weight  of  i  cu.  yd.  air-dried  light  peat  as 
used  for  domestic  purposes  at  500  lb. ;  of  good  peat  at  900  lb.,  and  of  the  densest 
peat  at  1,100  lb.  Griiner^  gives  550  lb.  as  the  weight  of  i  cbm.  (  =  1.3  cu.  yd.) 
of  light  fibrous,  and  840-880  lb.  of  dark  earthy  peat.  Schorr*  states  that  a 
good  quality  of  raw  peat  with  85  per  cent.  H2O  weighs  63  to  66  lb.  per  cu.  ft. 
The  rational  analysis  shows  peat  to  consist  of  peat-substance  (C26,  H20,  O2), 
water  and  ash.  The  range  of  composition  of  peat-substance  was  given  in  Table 
71.  The  ultimate  analyses,  selected  from  Websky,®  in  Table  74,  may  serve  as 
examples. 

Table  74. — Ultimate  Analyses  of  Peat 


Locality 


H 


O 


N 


Ash 


Cninewald. 
Havel..... 

Rdchswald 
Linum 

l^ncetown 
Han 

Rdchswald 


49.88 

S3. 51 
58.69 

59.47 
60.00 

62.54 
63.86 


6.54 

5. 90 
7.04 

6.52 

6.00 

6.81 

6.48 


42.42 

40.59'" 
35.32 

31.51 

29.24 
27.96 


1. 16 


1.79 
2.50 


1. 41 
1.70 


3.72 


2.04 

18.53 
10.00 

1.09 

2.70 


'Davis,  Eng.  Mag.,  1909,  xxxviii,  810;  BuU,  394,  U.  S.  Gcol.  Surv.,  1909. 

'Dal,  Eng,  Mag.,  1902-03,  xxiv,  204. 

'Bache,  Engl,  Instii,  Civ,  Eng,,  1901,  cxLVi,  229. 

*Verh,  Verein,  Befdrd.  Gewerb,,  1904,  lxxxui,  171. 

^Op,  cU,,  p.  21. 

'Sexton,  op,  cU,,  p.  58. 

Wp.cit,,  V0I.1,  p.  80. 

•  Tr,  A,  I.  M,  E.,  1905,  XXXV,  82. 

•/.  prakLChemte,  1864,  xcii,  ^5, 

» Includes  N. 
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The  proximate  analyses^  of  Ontario  peats  are  of  interest. 
Table  75. — Proximate  Analyses  of  Air-dried  Peat  of  the  United  Statzs' 


Kind  of  peat 


Locality 


Brown,  fibrous 

Brown,  fibrous 

Light-brown,  fibrous. 

Dark-brown  

Brown,  structureless. 

Brown 

Brown,  fibrous 

Brown 

Brown,  fibrous , 

Brown 

Brown,  fibrous 

Salt  marsh 

Black 

Light-brown,     struc- 
tureless. 

Brown,  fibrous 

Brown,  sandy 

Black 


Fremont,  N.  H 

Hamburg,  Mich 

Rochester,  N.  H 

Westport,  Conn 

New  Durham,  N.  H.. 
New  Fairfield,  Conn.. 

Westport,  Conn 

Kent,  Conn 

Cicero,  N.  Y 

Black  Lake,  N.  Y 

La  Martine,  Wis 

Kittcry,  Me 

Greenland,  N.  H 

Waupaca,  Wis 

Madison,  Wis 

Kent,  Conn 

,  N.  Y 


6.34 

7.93 

0.69 

S.X61 

9.290 

7.  so 

6. 55 

.28 

S.OSO 

9.090 

11.64 

4.06 

.23 

S.042 

9.083 

12.70 

4.12 

.24 

4.772 

8.590 

6.06 

17.92 

.88 

4.4XS 

7.947 

9.63 

7.93 

.46 

4.367 

7.861 

19.69 

3.23 

.19 

4.273 

7.691 

12.10 

7.22 

.83 

4.269 

7.684 

14. 57 

7.42 

.25 

4.209 

7.S76 

8.68 

16.61 

.99 

4.179 

7.S22 

9  95 

16.77 

.79 

4.X49 

7.468 

13.50 

12.04 

1.94 

4.066 

7.319 

6.62 

24.  IX 

I. ox 

3.992 

7.X86 

6.62 

24.44 

.6s 

3.872 

6.970 

8.99 

18.77 

.38 

3,8S7 

6.943 

9.06 

36.06 

X.46 

3.291 

S.924 

6.52 

28.50 

.57 

2.867 

S.161 

9.9M 

xo.jlt 
9.IJI 

M9i 

9.S7I 
8.743 
8.I69 

M37 
8.IM 
8,461 
7^S 
1^ 

iMt 
5.924 
S.5>I 


The  amount  of  water  contained  in  peat  has  akeady  been  referred  to.  The 
percentage  of  ash  varies  greatly:  5  to  10  per  cent,  is  a  low  figure,  10-20  per  cent, 
is  not  uncommon;  peat  with  25+  per  cent,  ash  ceases  to  be  an  industrial  fuel. 
The  ash  consists  mainly  of  silicates  of  Fe,  Al  and  Ca;  alkali  atid  P  are  low,  S 
in  salt-water  peat  is  generally  high.  The  analyses'  of  Table  76  may  serve  as 
examples . 

Air-dried  peat  begins  to  kindle*  at  about  250°  C;  it  bums  with  a  shorter 
flame  than  wood.  The  calorific  power '^  of  peat  is  low;  that  of  piu'e  peat-sub- 
stance was  given  in  Table  71  as  averaging  4,500  cal.  Griiner*  estimates  3,ooor 
cal.  to  be  a  fair  figure  for  peat  with  25  to  30  per  cent.  H2O  and  6  to  8  per  cent 
ash. 

The  cutting  and  preparation  of  peat  is  carried  on  in  spring  and  summer.  The 
first  step  is  to  remove  the  surface  sod  or  earth.  The  manner  of  further  proce- 
dure depends  upon  the  character  of  the  bog.  If  the  peat  is  sufficiently  solid  to 
permit  cutting,  the  part  of  the  bog  to  be  worked  is  partially  drained,  the  peat 

*  Bureau  of  Mines  of  Ontario,  Report^  19031  P«  202. 

^  Bull.  16,  Bureau  of  Mines,  Washington,  1912,  p.  53. 

»  Balling,  C.  A.  M.,  "Metallurgische  Chemie,"  Bonn,  1882,  p.  165. 

*  Bornstcin,  J.  Gashcl.  Was  server  sor  gun  g,  1906,  xlix,  414. 

»  Andersson-Dillner,  Ocsl,  Zt.  Berg.  Hutlcnw.,  1902,  L,  102;  sec  also  Poole,  op,  cil„  p.  J4S 
and  Table  59. 

*  Op.  cit.,  I,  84. 
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cut  in  blocks,  either  by  hand,  with  a  long 
narrow  spade  ("slane")  having  a  tongue 
Bct  at  right  angles  to  its  edge,  and  air-dned, 
or  by  a  traveling  excavator  when  the  peat 
goes  to  a  hriquetting  machine.  If  the  peat 
is  too  soft  and  wet  to  allow  cutting,  it  is 
dug  by  hand,  spread,  trodden  to  remove  the 
water  and  molded  ("molded  peat")>  The 
extraction  of  such  peat  on  a  large  scale  is 
carried  on  with  dredges'  or  floating  excava- 
tors. The  material  may  be  either  molded 
directly  into  briquettes,  or  first  purified  by 
shredding,  pulping,  and  washing,  followed 
by  a  partial  or  complete  drying  (see  Briquett- 
ing  Peat,  §109). 

103.  Brown  Cool  (Lignite).' — Brown  coal, 
the  youngest  of  the  fossd  fuels,  comprises  all 
fuels  older  than  peat  and  of  more  recent 
origin  than  the  Jurassic.  Most  brown  coals 
occur  in  the  Tertiary.  They  are  widely  dis- 
tributed over  the  earth.  In  the  United 
States,*  cretaceous  brown  coals  occur  in 
■  Cais.  Mag.,  1896,  X,  iii. 

'Zinckcn,  C.  F.,  "Die  PhyHographie  der  Braun- 
kohle,"  RUmpler,  Hanover;  1S07;  Suppl.  i  (Waiscn- 
baus,  Halle,  1872),  it  (Mentze!,  Leipsic,  1878), 

Stohmann-Kerl,  "Ilandbuch  der  Tcchnischcn 
(lemie,"  1893,  rv,  443. 

Richtcr,  C,  and  Horn,  P.,  "Die  Deutsche 
Bnuiikohleniiidustrie,"  Vol.  ii;  "Die  Mcchanische 
Aufbetritung  (Washing  and  Briquet  ting),"  Knapp, 
HaBe,  igio. 

Donalh,  E.,  Zur  chemischen  charakleristik  der 
htaiAahita,Oetl.  Zl. Berg.  JJiiilenw.,  191 2,  Uf,  38:. 
'lUforl,   Tenth    Census  U,  S.,   1880,  xv,  775, 
»i. 

Dumble,  E.  F.,  "Brown  Coal  and  Lignite  ol 
TcMi,"  Austin,  Tex.,  1893. 

Phillips,  W.  B.,  "Coal,  Lienttc  and  Asphalt 
Rock»  of  Tcias,"  Bull.  3,  University  Texas,  1901; 
BtU.  ij,  University  Scries. 

Phillips,  W.  B.,  and  Worrell,  S.  II., "  Texas  Coals 
wd  lignites,"  Butt.,  University  Texas,  189,  Sc. 
Snies,  No.  19,  1911. 

Randall,  D.  T.,  and  KreisinRcr,  H.,  "North 
I>*kou  Lignite  as  a  Fuel  for  Power-plants  and 
Boilos,"  Bull.  No.  1,  Bureau  of  Mines,  iqio, 

Francfoncr,  "Water  in  the  l.iKnilis  of  the 
-Vorlhwesl,"  J.  Am.  Chcm.  .Sue,  [907,  x\i\,  nM8. 
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western  North  and  South  Dakota,  and  eastern  Montana  and  Wyoming.  Ter- 
tiary brown  coals  are  confined  to  the  South:  Texas,  Oklahoma,  Arkansas^ 
Louisiana,  Mexico  and  Alabama.  The  physical  and  chemical  properties  of 
brown  coals  difiFer  greatly  with  the  degree  of  mineralization.  Five  varieties  ma^ 
be  distinguished:  lignite,  earthy  brown  coal,  brown  coal  proper,  pitch  coal,  and 
glance  coal.  A  sharp  distinction  cannot  be  made,  as  the  varieties  grade  into 
one  another.  Another  classification,  that  of  Pontonic,^  is  based  upon  the 
character  of  the  material  from  which  the  brown  coal  was  formed. 

Lignite  includes  trunks  of  trees  more  or  less  flattened  out  and  altered  chem- 
ically. Some  varieties — the  fossil  wood — have  the  structure  and  appearance  of 
wood  that  has  been  browned  by  decomposition;  they  can  be  cut  and  split  as  is 
ordinary  wood;  others — ^lignitic  brown  coal — have  lost  the  wood-like  structure 
and  show  a  conchoidal  fracture.  Lignites  occur  as  single  trunks  in  sands  and 
bogs,  or  massed  together  forming  beds.  When  mined,  lignite  contains  as  much 
as  50  per  cent.  H2O;  it  loses  part  of  it  by  air-drying,  but  crumbles  in  the  process. 
When  dried  artificially,  it  takes  up  again  from  10  to  15  per  cent.  HsO.  The 
specific  gravity  of  fossil  wood  is  0.5,  of  lignitic  brown  coal  1.3;  i  cu.  ft.  of  the 
latter  weighs  3  5  to  45  lb.  The  ultimate  composition  of  lignite  free  from  HiO  and 
ash  shows  the  following  range:  C,  57  to  67  per  cent.;  H,  5  to  6  per  cent.;  0+N, 
28  to  37  per  cent.  Fossil  wood  contains  35  to  40,  lignitic  brown  coal  45  to  50 
per  cent,  fixed  C;  decomposition  begins  at  about  210^  C;  the  amount  of  ash  is 
not  less  than  4  and  often  reaches  15  per  cent.;  its  composition  is  similar  to  that 
of  peat  except  that  it  is  practically  free  from  P.  Analyses  are  given  in  Tables  77 
and  78.  The  calorific  power  of  lignite  free  from  water  and  ash  is  5,000  to 
5,500  cal.,  that  of  lignite  with  30  per  cent.  H2O  and  10  per  cent,  ash  is 
about  3,300  cal.,  of  which  70  per  cent,  or  2,480  cal.  may  be  figured  upon  in 
practical  use. 

Earthy  brown  coal  is  amorphous,  earthy,  friable,  varies  in  color  from 
yellow  to  brownish-black.  The  coal  near  Halle,  Germany  (containing  some 
lignite  and  the  hydrocarbons  retinite,  amber,  and  p)n:opissite),  forms  the  basis 
of  an  important  paraffine  and  mineral-oil  industry.'  It  contains  as  much  as 
50  per  cent.  H2O  and  30  per  cent,  ash,  and  is  rich  in  pyrite.  The  chemical  com- 
position and  calorific  power  are  similar  to  those  of  lignite.  The  coal  is  burned 
either  in  the  form  of  fuel-dust  (see  §107)  or  of  briquette  (see  §151). 

Brown  coal  proper  is  compact,  light  blackish-brown,  dull,  shows  traces 
of  woody  structure,  has  an  even  conchoidal  fracture,  a  brown  streak,  and  a 
specific  gravity  1.20  to  1.25.     It  contains  5  to  10  per  cent.  H2O;  i  cu.  ft.  loose 

Hayes,  U.  S.  Geol.  Survey,  Twenty-second  Ann.  Rep.,  1890-91,  Part  in;  BuU.  No.  aiSi 
1903. 

Burchard,  Bull.  No.  225,  U.  S.  Geol.  Survey,  1904. 
Campbell-Parker,  Bull.  No.  394,  U.  S.  Geol.  Survey,  1909. 
*  Erdmann,  BraunkoJtUj  1907,  vi,  393. 

^  Klein,  G.,  ''Handbuch  fUr  den  deutschen  Braunkohlenberghan,"  Knapp,  Halle,  ipii* 
Berg.  11  iitlenm.  Z.,  1890,  XLix,  306. 

Stohmann-Kerl,  Handbuch  der  Technischen  Chemie,  1898,  vi,  p.  1899. 
Graefe,  E.,  "Die  Braunkohlenteer  Industrie,"  Knapp,  Halle,  1906. 
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coal  weighs  45  lb.  It  does  not  crumble  much  when  exposed  to  the  air.*  The 
Jtimate  composition,  when  free  from  H2O  and  ash,  is  C,  65  to  75  per  cent., 
H,  4  to  6  per  cent.,'0+N,  21  to  29  per  cent.  Distillation,  which  begins  at  about 
150®  C,  yields  40  to  50  per  cent,  fixed  C,  which  retains  the  form  of  the  coal  but 
is  much  fissured  and  friable;  of  the  volatile  matter,  15  to  20  per  cent,  is  H2O; 
14  to  16  per  cent,  tar;  21  to  24  per  cent.  gas.  The  coal  bums  with  a  dull,  smoky 
flame,  having  a  characteristic  disagreeable  odor.  The  percentage  of  ash  is 
high,  but  lower  than  that  of  earthy  brown  coal;  it  consists  of  silicates  of  AI2O8 
and  CaO,  and  is  rich  in  Ye%Oz  and  SOs.  The  calorific  power  when  free  from  H2O 
and  ash,  is  6,500  to  7,000  cal.,  that  of  the  ordinary  coal  with  15  to  20  per  cent. 
HfO  and  ash  5|2oo  to  6,000  cal.  It  is  burned  direct  as  fuel-dust  or  in  the  form 
of  briquette,  and  indirectly  in  a  gas  producer. 

Pitch  and  Glance  Coal. — Pitch  coal  is  compact,  blackish-brown  to  pitch- 
Uack,  has  a  waxy  to  greasy  luster  and  an  uneven  to  slightly  conchoidal  fracture. 
Glance  coal  is  the  firmest  and  hardest  variety,  it  has  a  glassy  luster  and  a  per- 
fect conchoidal  fracture.  Its  specific  gravity  is  1. 15  to  1.20,  and  contains  i  to 
2  per  cent.  H2O.  The  ultimate  composition  when  free  from  H2O  and  ash  is: 
C,  70  to  80  per  cent.;  H,  6  to  8;  0+N,  12  to  24  per  cent.  Distillation  yields 
30  to  45  per  cent,  spongy  fixed  C;  the  volatile  matter  is  made  up  of  H2O  10 
to  20 per  cent.;  tar,  20  to  35  per  cent.,  gas  15  to  25  per  cent.  The  coal  burns 
readily  with  a  long,  smoky,  sooty  flame;  it  softens  and  even  fuses  and  swells 
while  burning. 

The  calorific  power  when  free  from  H2O  and  ash  is  7,000  to  8,oco  cal.  The 
coal  is  used  direct  and  in  gas-firing. 

Brown  coals  as  a  nde  are  readily  distinguished  from  older  varieties  of  peat. 
It  is  often  impossible  to  draw  a  sharp  line  between  an  old  brown  coal  and  a 
young  bituminous  coal.  Table  79  gives  the  behavior  of  the  four  natural  solid 
fuels  when  subjected  to  some  physical  and  chemical  tests.* 

103.  Bituminous  Coal.' — Bituminous  coal  is  the  leading  metallurgical  fuel. 
It  was  formed  previous  to  the  Jiu'assic  and  occurs  mainly  in  the  Carboniferous. 

^  Erdmann-Stoltzenberg,  Braunkohle^  1908,  vii,  69. 
*Fr6my,  Compt.  rend,,  1861,  Lii,  114. 

Mardlly,  Ann.  chim,  phys,,  1862,  lxvi,  167. 

Berthelot,  Compt.  Rend.,  1869,  lxviii,  183,  259,  334,  392,  445. 

Percy,  "Fuel,"  London,  1875,  p.  300. 

Donath,  Oest.  Zt.  Berg.HiUtenw.,  1903,  li,  310. 

Boudouard,  Rev.  M6t.,  191 1,  viii,  38;  Eng.  Mitt.  /.,  1909,  lxxxvii,  995. 
'Freise,  History  up  to  the  Fifteenth  Century,   Oest.   Zt.  Berg.  Iluttenw.,  1905,  xldc,  645, 
56i. 

Muck,  F.,  "Die  Steinkohlenchemie,"  Engelmann,  Leipsic,  1891. 

Somenneier,  E.  E.,  "Coal,  Its  Composition,  Analysis,  Utilization  and  Valuation,"  Mc- 
Graw-Hill Book  Co.,  New  York,  191 2. 

Microscopical  Examination,  Bull.  Soc.  Ind.  Min.,  1899,  xiii,  iioo. 
Distribution,  Hayes,  22d  Ann.  Rep.  U.  S.  Geol.  Surv.,  1902,  Part  iii;  Bullf  213,  U.  S. 
Gcol  Survey,  1903. 

Campbell-Parker,  Bull.  394,  U.  S.  Gcol.  Surv.,  1909. 
Parker,  Min.  Res,,  U.  S.  Geol.  Surv.,  191 1,  Part  u. 
zx 
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FUEL  .      i6s 

!)n  account  of  the  complete  mineralization  all  lignitic  structure  has  disappeared. 
Supplementing  Table  79,  bituminous  coal  is  darker,  softer,  more  friable,  heavier 
ind  richer  in  C  than  brown  coal.  Bituminous  coal  is  massive,  breaks,  as  a 
iile,  readily  parallel  to  the  bedding  planes,  but  shows  no  cleavage.  The  frac- 
ture is  conchoidal  to  uneven.  However,  it  does  often  break  approximately  at 
ight  angles  to  the  bedding  planes,  which  is  due  to  a  jointed  structiu'e  (the 
deat).  Bituminous  coal  is  brittle,^  soft,  black,  and  has  a  luster  ranging 
From  earthy  dull  through  resinous  to  submetallic.  Its  specific  gravity  when 
irontaining  little  iash,  varies  from  1.25  to  1.35;  one  cu.  yd.  weighs  about 
K,8oo  lb. 

Bitimiinous  coal  is  composed  of  coal-substance,^  water,  ash  and  gases.  The 
ultimate  and  proximate  analyses  are  given  in  Table  71.  It  is  held  by  Muck' 
that  the  cOal  substance  does  not  contain  any  free  C,  and  that  a  rational  analysis 
wrill  prove  it  to  be  composed  of  C-H-O-minerals.  Tests  along  this  line  have 
seen  only  partially  successful.* 

The  amount  of  H2O  present  averages  5  per  cent.^    The  percentage  of  ash 

11  high-grade  coal  ranges  from  4  to  7  per  cent. ;  in  ordinary  coal  from  7  to  14  per 

rent.;  it  runs  higher  with  inferior  grades.    Its  distribution  through  the  coal  has 

i)een  investigated  by  means  of  Roentgen  rays.'    Muck's  collection^  of  221 

inalyses  of  coal  ashes  shows  the  following  range  of  composition:  SiOs,  1.70  to 

50.13;  AUOa,  2.21  to  41. 11;  Fe203,  5.59  to  73.80;  CaO,  1.08  to  21.37;  MgO, 

D.oo  to  9.82.     Ordinarily  the  ash  is  composed  mainly  of  a  clayey  substance 

vrhich  contains  Si02  45,  AI2O3  30,  Fe20s  10,  CaO  and  MgO  10,  S,  P,  and  Alkali 

5  per  cent.*    Its  fusibility  is  governed  by  the  ratio  of  acid  and  bases  as  is  that  of 

all  silicates  (seer  §  191).     Prost^  found  that  the  ashes  fused  at  temperatures 

ranging  from  1,160  to  1,500°  C;  he  calculated  from  the  chemical  analysis  the 

^u    4.  *•     4  rk  O  in  AI2O3  O  in  Si02    -  ,         , 

refractory  quotient  Q=  Vx-~~Tr~  r\  o  r\  i> :?\~     ai  /-w    for  ^3  coke  ashes 

•^  ^  ^       O  1nFe2O3.CaO.Mgo     O  m  AI2O3  ^ 

*  Compressive  Strength,  Mines  and  Minfirah^  1900,  xx,  451. 

*  Wheeler,  Tr,  A.  I,  M.  E.,  1907,  xxxviii,  621. 
Parr-Wheeler,  Bull.  $7^  Univ.  111.,  1909. 

^Op.  cU,y  p.  4,  e/  seq, 

*  Anderson,  Tr,  Inst.  Min.  Eng.,  1898-99,  x\'i,  335,  review  and  research. 
Bcdson,  /.  Soc.  Chcm.  Itid.y  1908,  xxvii,  147. 

Frazer- Hoffman,  Techn.  Paper  5,  Bureau  of  Mines,  191 2. 
Lewes,  Coal  Age^  191 2, 11,  259. 

*  Carpenter,  Hygrometric  Properties  of  Coal,  Tr.  Am.  Soc.  Mech.  Eng.,  1897,  xvin,  938. 
Crislield,  /.  Frankl.  Inst.,  1911,  CLXXii,  495. 

•Courier,  Bull,  Soc.  Ind.  Min.,  1898,  xii,  713;  Eng.  Min.  J.,  1898,  lxvi,  ii;  1899,  Lxvm, 
547. 

Knotte,  Stahl  u.  Eisen,  1900,  xx,  692. 

Lomax,  Tr,  Inst.  Min.  Eng.,  191 1,  xlii,  2. 

Garrett- Burton,  op.  cit.,  191 2,  xliii,  295. 
^Op.cit.,  p.  98. 
•Parr,  S.  W.,  and  Wheeler,  W.  F.,  Bull.  37,  Univ.  TIL,  Urbana,  111..  1909. 

Cobb,  /.  Soc.  Chem.  Ind.,  1904,  xxiii,  11. 

*  Rev.  Un,  Min.,  1895,  xxxi,  86  {Coll.  Guard.,  1805,  lxx,  796);  Bull.  Assoc.  Beige  d.  Chim., 
1S97,  XI,  No.  4  (Coll.  Guard.,  1897,  lxxiv,  O02;  iSq8,  iaxv,  473). 
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to  express  their  relative  fusibility  (see  Fire-clays,  §158).    LeChatelier^  found  a 
lange  of  temperature  of  1,150  and  1,450°  C. 

The  S  in  coal*  reaches  sometimes  3  per  cent. ;  usually  it  is  under  2  per  cent.^ 
It  occurs  in  combination  with  Fe  as  pyrite,  with  CaO  as  gypsum,  and  with 
organic  matter.  Organic  sulphur*  is  the  term  for  the  S  which  remains  after 
deducting  from  the  total  S  that  which  is  necessary  to  combine  with  Fe  as  FeSi  and 
with  Ca  and  Mg  as  CaS04  and  MgS04.  It  is  assumed  to  be  organically  com- 
bbed  with  coal.  In  coking,  part  of  the  S  remains  with  the  coke  (fixed  S),^  part 
passes  oflf  with  the  volatile  matter  (volatile  S).  It  is  customary  to  determine 
the  total  S  in  the  coal  and  the  coke;  the  difference  between  the  two  gives  the 
volatile  S.  The  volatile  S  comes  from  the  pyrite*  (FeS2  =  FeS+S,  or  2FeS2  = 
FcjSj+S^  or  7FeS2  =  Fe7S8+6S)  and  the  organic  S.  Part  of  the  organic  S  is 
fixed.'  Thus  McCreath*  found  that  from  22  samples  of  coal  containing  from 


Example 

No.  of  samples 

Organic 

sulphur,  p.  c. 

Total 

Lost  in  coking 

7 

63.51 
11.36 

74.58 
2.20 

34.57 

37.88 
20.97 

44.81 

II 

2... 

2.... 

• 

2.20  to  63.51  per  cent,  organic  S,  from  20.97  to  44.81  per  cent,  was  volatilized. 
The  P2O5*®  in  the  ash  may  reach  1.5  per  cent.,  but  usually  is  much  lower,  e.g., 
H  samples  of  coal  from  the  Pittsburg  bed,^^  Pa.,  averaged  0.0217  P^r  cent.  (  = 
°°344  per  cent,  in  Connellsville  coke).  According  to  Carnot"  the  P  has  its 
source  principally  in  the  spores  and  pollen  of  plants;  cannel  coal  having  more 
spores  than  other  varieties  of  coal  is  richest  in  P.  Catlett^^  found  P  in  the  "  Big 
^m,"  Colimibiana,  Ala.,  to  occur  in  combination  with  AI2O8  as  evansite 
(AlePiOu+iSaq).     All  the  P  of  a  coal  is  found  in  the  coke  made  from  it. 

^Rev,  Mii.,  1905,  II,  723. 

'Schafcr,  ZL  Berg.  UiUteti,  Sal,  Wesen  i.  Pr.,  1910,  lviii,  281. 
^  'Weeks,  "Manufacture  of  Coke,"  Report^  Tenth  Census  U.  S.,  1880,  x,  22. 

*  Drown,  Tr.  A.  I,  M.  £.,  1881,  dc,  656. 
'Kimball,  Tr.  A.  I.  M.  £.,  1880,  viii,  181. 

'  Simmersbach,  Stakl  u.  Eisen,  1898,  xviii,  18. 
^Second Gtol.  Surv.  Pa.,  Vol.  mm,  pp.  123-126. 
'McCallum,  Can,  Min,  J.,  1909,  xxx,  531. 

*  Second  Gtol.  Surv.  Pa.,  Vol.  mm,  pp.  126-127. 

'*  LeChatelier-Durand  Claye,  Bull.  Soc.  d^Enc.y  1873,  xx,  123. 

'^  Campbell,  Phosphorus  in  Pittsburg  seam.  Mines  and  Minerals^  1907-08,  xxviii,  408. 

^*Compi.  rend.^  1884,  xcoc,  154. 

"  Tr.  A.I.  Jd.  E.,  191 1,  xui,  902. 
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Occluded  Gases. — Bituminous  coal  usually  contains  ocduded gases.  Hflls* 
Rowan^  show  that  loo  g.  coal  hold  as  much  as  59.2  c.c.  gas;  they  quote  one  seam 
in  England  which  yielded  at  20^  C,  238  c.c.  gas.  Brookman^  found  in  100  g. 
Westphalian  coal  from  7  to  150  c.c.  gas;  he  found  it  to  be  composed  of  CH4, 
o  to  96  per  cent.;  CO2,  2  to  91  per  cent.;  N,  2  to  61  per  cent.;  CxHy,oto3pff 
cent.;  CO,  o  to  9  per  cent. 

Parr  and  Barker'  and  Barker^  in  the  examination  of  Illinois  coals  found  that 
as  soon  as  the  occluded  gas,  mainly  CH4,  was  released,  absorption  of  0  from  the 
air  which  oxidized  coal  substance  to  CO2  began.  Other  recent  investigations 
are  those  of  R.  T.  Chamberlin^  and  Porter-Ovitz.* 

Collections  of  analyses  are  given  by  Mills-Rowan,  Muck,  Parr,  Barker, 
Chamberlin  and  others.  The  gas  (fire-damp)  diffused  through  the  pores  of 
the  coal  and  liberated  as  soon  as  the  pressure  is  released  is  the  cause  of  a- 
plosions  in  gassy  mines.  The  gas  which  escapes  in  part  rapidly  at  first,  con- 
tinues to  do  so  after  the  coal  has  been  mined  and  may  then  still  prove  to  be  a 
source  of  danger  when  the  coal  is  stored.  About  1/4  of  the  volume  escapes  in 
crushing  the  coal,  the  rest  in  from  3  to  18  months. 

Spontaneous  Combustion. — Coal  when  exposed  to  air  disintegrates' 
(weathers).  This  is  due  to  its  taking  up  O,  part  of  which  oxidizes  available  H 
and,  to  a  small  extent,  some  C;  the  rest  remains  occluded.  Weathering  is  likely 
to  reduce  the  calorific  value  and  the  coking  power  of  coal.  Weathered  coal  may 
be  heavier  than  when  freshly  mined;  this  will  be  the  case  when  the  absorbed 0  is 
heavier  than  the  occluded  gas  and  the  oxidized  C  which  pass  off  into  the  air. 
Spontaneous  ignition*  of  coal  rich  in  volatile  matter  when  stored  in  unventilatcd 
pockets  is  caused  principally  by  occluded  O  having  an  oxidizing  effect  upon  H,  C, 
and  FeS2.  This  takes  place  more  rapidly  with  pure  and  fine  than  with  impure 
lump  coal,  at  a  high  than  a  low  temperature,^  and  with  moist  coal  than  with 
dry. 

*  Op.  cit,y  pp.  84-85. 

*  Berg.  IliUUnm.  Z.,  1899,  LViii,  438. 
'  BuU.  32,  University  III.,  1909. 

*  Tr.  A.  I.  M.  E.,  1909,  XL,  24. 

'  BiUl.  383,  U.  S.  Geol.  Surv.,  1909. 

^  Bidl.  I,  Bureau  Mines,  1910;  Technical  Paper  2,  1911. 

^  Wheeler,  Tr.  A.  I.  M.  E.,  1908,  xxxix,  1153. 

Brown,  Cass.  Mag.,  1909,  xxxvii,  86. 

White,  Bull.  382,  U.  S.  Geol.  Surv.,  1909. 

Parr-Hamilton,  Bull.  17,  Univ.  111.,  1907. 

Parr- Wheeler,  Bull.  38,  Univ.  111.,  1909. 

Storage  under  Water,  by  Scidl,  Gluck  auf,  1909,  xlv,  37,  75,  119,  152. 
■  Porter-Ovitz,  op,  cit. 

Porter,  Cass.  Mag.,  191 2,  XLii,  54. 
•Lewis,  Coll.  Guard.,  1890,  Lix,  521,  60C;  Coll.  Eng.,  1890,  x,  193;  Iron,  1890,  xxxv,  338 
Eng.  and  Min.  J.,  1906,  ia'xxii,  65. 

Cremer,  Min.  Ind.,  1895,  iv,  201. 

Janda,  Oesi.  Zi.  Berg.  Jliittcnw.,  1903,  M,  376,  388. 

Parr-Kressmann,  Bull.  46,  Univ.  III.,  1910. 


Coking  Coal — If  coal  is  huatcd  in  a  closed  vessel,  i.e.,  with  exclusion  of  i 
it  gives  off  its  volatile  matter,  which  burns  with  a  yellow  smoky  flame,  and  leaves 
behind  the  fixed  C.  According  to  the  behavior  in  this  operation  coal  is  said  to  be 
coking  or  non-coking.  A  coking  coal  softens,  becomes  pasty,  fuses  and  swells 
into  a  spongy  mass,  bubbles  of  gas  escaping,  and  solidifies,  when  all  the  volatile 
matter  has  been  expelled,  to  a  coherent,  grayish-black,  cellular,  fritted  mass — 
the  coke.  A  non-cokuig  cual  changes  its  appearance  only  slightly,  and  leaves 
behind  a  sandy  residue.  Between  these  two  extremes  there  are  numerous 
gradations.  It  is  not  known  what  causes  coking.'  The  ultimate  analysis 
(Tabic  71)  teaches  that  coal  either  high  in  CorhighinOwillnot  coke,  but  Stein* 
has  shown  that  of  two  coals  having  the  same  ultimate  composition  and  a  suitable 
percentage  of  C  and  0,  one  may  furnish  a  good  coke,  while  the  other  will  not. 
As  the  statements  of  Stein  have  been  questioned,  a  more  recent  instance  occur- 
ring in  1907  with  the  Maryland  Steel  Co.,  Sparrow's  Point,  Md.,  with  carload 
lots  may  be  given:  Moshaunon  coal  with  V.H-C.  24.58,  F.C.  68.02,  ash  7.40, 
S  0.76,  P  0.006  per  cent,  gave  a  sandy  coke,  while  Greenwich  coal  with  V.H-C. 
24.36,  F.C.  67.84,  ash  7.80,  S  0.89,  P  0.004  per  cent,  gave  a  firm  uniform  coke. 
I  As  coking  is  connected  with  decomposition,  the  process  is  not  simply  one  of 
fusion.  The  older  theory  that  the  tar  given  off  is  charred  and  cements  the 
particles  into  a  solid  mass,  is  unsatisfactory.  It  was  believed  that  the  available 
hydrogen  was  the  cause  of  coking,  but  the  proof  is  lacking.*  The  H  :0  ratio 
U  a  criterion  looks  more  favorable.  Thus  White*  finds  that  U.  S.  coals  with 
an  H:0  ratio  of  59  per  cent,  or  over  show  good  coking  qualities;  a  ratio  as 
low  as  55  per  cent,  gives  fair  coke,  but  one  of  50  jwor  coke  if  any.  The 
cause  of  coking  must  be  sought  in  the  rational  analyses  of  coal.  Muck,' 
t.g.,  heated  cellulose,  starch  and  gum,  which  have  the  same  ultimate  compo- 
ution.  in  a  closed  vessel  and  found  the  following: 
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Formula 

Behavior 
resemblei 

Fixed  carbon 

Pet  cent. 

Character 

tiUkm 

III 

6.7. 
11.30 
10.41 

Coking  coal.. 

Itm 

trous  than  starch-coke,  brown- 
ish-black. 

Tests  only  can  decide  the  matter.     Orientation  tests  have  been  devised  by 

' SiaiDwrsbach,  Slakl  n.  Eistn,  1904.  xxrv,  446. 
Lcwei,  Co«.  CuW..  T9M,ciI.  iijft,  1178,  IJ31.  1184. 
'"Chemischund  Chemiscb-lcchnischi!  Ualersuchungon  dtr  Sleinkoh]cnSachscns,"Leipsic, 

'Whhe,  Bull.  38),  0.  S.  Geol.  Surv.,  1909.  p.  55. 
'0^eiI.,p.  S»- 
'Of,  eU.,p.s- 
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Boudouard  and  Pishel.  Boudouard^  found  that  humic  add  was  absent  in  a 
coking  coal  and  present  in  non-coking  coals.  Pishel*  observed  that  in  pulvw- 
izing  coal  in  a  mortar,  coking  coal  adhered  strongly  to  the  mortar,  andmn- 
coking  only  slightly  or  not  at  all.  Usually  the  first  test  will  be  an  examinationof 
the  fixed  C  obtained  in  heating  the  coal  in  a  platinum  crucible.*  The  next  may 
be  to  determine  the  binding  power  as  advocated  by  Campredon^  who  miia 
I  g.  coal  crushed  through  a  50-mesh  sieve  with  increasing  multiples  of  sand, 
passing  through  a  26-  and  remaining  on  a  50-mesh  sieve,  and  cokes  in  a  porceUffl 
crucible  at  a  red  heat.  After  a  few  trials  the  largest  amount  of  sand  the  coal  can 
take  and  still  form  a  coherent  mass  {i.e.,  the  binding  power)  is  readily  ascertainei 
This  shows  a  range  from  o  to  17  for  coals,  and  is  20  for  pitch. 


Table  81. — Binding  Power  of  Coals 


Locality 


,Vol.  H.C. 


Bindiog 
power 


South  Wales,  Great  Britain 10. 90 

New  Castle,  Great  Britain 34-  25 

Scotland,  Great  Britain i  34 .  72 

Cardiff,  Great  Britain '  19 .  80 

Lens,  France 1  27 .  20 

New  Castle,  Great  Britain '  27 .  83 

New  Castle,  Great  Britain 1  29'.  50 

Coal  tar  (pitch) I  44. 82 


82.90 

6.20 

54-93 

ZO.80 

56.93 

8.35 

72.50 

7.70 

64.10 

8.70 

63.42 

8.75 

62.00 

8.50 

54.58 

1 

i 

0.60 

4 
6 

13 
14 

17 
20 


A  similar  method  was  advocated  already  in  1870  by  Richters.*  The  third 
test  will  be  to  charge  coal  crushed  through  a  4-mesh  sieve  in  suitable  boxes 
into  a  coking  oven  to  be  coked  with  a  regular  charge.  Such  a  box  (a  6-m.  cube) 
may  be  made  of  No.  15  iron  wire  woven  to  lo-mesh.  Developed  it  will  have  the 
shai>e  of  a  cross  (Fig.  86),  enough  wire  cloth  to  be  left  on  the  four  sides  to  allow 
bending  over.  The  inside  of  the  box  is  covered  with  thin  paper  to  prevent  the 
coal  from  sifting  through;  the  outside  is  held  together  by  several  loops  of  stout 
wire.  When  these  preliminary  trials  have  proved  satisfactory,  actual  working 
tests®  are  in  place. 

*  Rev.  Mft.,  1909,  VI,  446;  Eng.  Min.  /.,  1909,  lxxxvii,  995. 

*  Econ.  Gcol.j  1908,  III,  265;  Eng.  Min.  /.,  1908,  lxxx\'I,  479. 

^  Illustrations  of  the  behavior  of  Westphalian  coals  are  given  by  Muck,  op.  cU.,  p.  31.    Sec 
also  Lcssinp,  Eighth  Internat.  Congress  Appl.  Chem.,  191 2,  x,  195. 

Stillman,  Th.  B.,  ''Engineering  Chemistry,"  Chem.  Publ.  Co.,  Easton,  Pa.,  1897,  p.  X9* 
Heinrichsen-Taczak,  Stahl  u.  Eisen,  1908,  xxviii,  1277;  Gliickauf,  1908,  xiv,  1325. 
Campbell,  Econ.  Geol.,  191 1,  vi,  502. 
Stanton- Fieldner,  Technical  Paper  8,  Bureau  of  Mines,  191 2. 

*  Compt.  Rend.,  1895,  cxxi,  820;  /.  /.  and  St.  /.,  1896,  i,  348. 
'  Dingier,  Pol.  /.,  1870,  cxcv,  71. 

*  Belden-Delamatcr-Groves-Way,  Bull.  5,  Bureau  of  Mines,  1910. 


It  is  known  that  weathering,  prolonged  heating  to  300°  C. '  and  heating  with 
Imperfect  exclusion  of  air  diminishes  or  destroys  the  coking  power,  and  this 
the  more  quickly  the  finer  the  coal.  The  calorific  power  of  some  coals  is  given 
in  Table7i;  i  lb.  coal  will  evaporate  6.70  to  9.50  lb.  water. 

There  exist  to-day  several  classifications  of  coal.'  They  are  based  upon  the 
ultimate  composition,'  on  the  ratio  of  C  to  total,  available  and  non-available 
H,*  on  the  ratio  of  V.H-C  to  F.C.,'  on  the  ratio 
of  F.C.  to  total  C  in  pure  coal;*  on  the  calorific 
vaJue^  or  the  ratio  of  C :  (O+ash),  and  on  the  be- 
^\'ior  upon  heating  in  a  closed  vessel.*  Owing  to 
the  great  variety  of  the  coals  in  different  parts  of  the 
world  showing  peculiar  properties  of  their  own, 
general  classification  has  as  yet  been  found  which 
suits  all  cases.  Different  countries  and  districts  have 
their  own  ways  of  solving  the  problem.  Five  classifi- 
cations may  serve  as  examples,  those  of  Gruner, 
Frazcr,  Campbell,  Parr  and  Grout. 

Griiner's  table  (see  Table  71),  includes  the  ultimate  „       a,,      t^      ,      j      ■ 
'  Fig.  8b. — Developed   wire 

composition,  the  ratio  of  0  and  H,  the  V,H-C  and  F.C,  coking-box. 

•nd  the  character  of  the  F.C.     Prepared  in  1873,  it  was 

based  upon  the  data  then  available.  The  numerous  investigations  made  since, 
having  extended  the  field,  show  that  the  lines  drawn  do  not  always  agree  with 
the  accumulated  facts  of  to-day.  Thus  some  Westphalian  coals  of  the  Ruhr* 
litstrict  with  68  per  cent.  F.C.  cannot  be  classed  as  steam  or  coking  coals, 

Marsilly,  Ann.  Min.,  tSs7,  xn,  347  and  following. 

FrancU,  Tr.  A.  I.  if.  £.,  1909,  xl,  6a. 

Parr  on  "Coalite,"  Eng.  if  in.  J.,  igo;,  lxxxiv,  734;  Uin.  Rtf.,  1907,  tvi,  338;  see  also 
Bnudouard,  White  and  Potta-OviU,  loc.  eU.;  Parr-Olin,  Bu//.  60,  University  of  lU.,  ig\»;Uel. 
Ckem.  Eni.,  tgt2,x,  iss- 

*  Newton,  Mirus  and  Minerals,  1919,  xxxin,  139.  1 
*R(Snault,.4)in.  Min.,  1837, xn,  205.  I 

Gniner,  Trait*  de  Mitallurgie  G£nfrale,  1875, 1,  67, 

Seyler,  Prac.  S.  Walts  Inst,  Eng,,  1898-1900,  xxt,  4S3;  1900-1901,  xxti,  113. 

Boulton,  W.  S.,  "Practical  Coal  Mining,"  Crcsham  Publ.  Co.,  London,  1907,  Vol.  i, 

»■  t-r-vs- 

•Fleck,  Dingier, Po;. /.,  1866.  cuoM,  ^60;  tocoii.  48,  ifi?;  1870,  cxcv,  131. 

Sichten,Zf.  Bert.  Hmcn.  Sal.  Wcien  i.  Pr.,  1871.XIX,  87- 

Campbell.  Tr.  A.  I.  M.  E.,  1906,  36,x.\xvi,  1033. 
'  ant.  Dingier,  Pel.  J.,  1873,  ccLXVin,  364. 

Fraicr,  Tr.  A.  I.  if.  £..  1877-78,  vi,  449. 

Kent,  Uin.lnd.,  1S99,  vni,  tisi  Mines   and  Minerals.  if>QS  g9.  XDC,  iii. 

Pmt,  J.  Am.  Chem.  Soc,  1906,  xxvm,  m^s;  W'»-  *'/-.  1906,  uv,  394;  £"(■  Min.  J.. 
1907.  LXXXm,  U93;  Bull.  3,  Univ.  II!.,  1908. 

•  Grout,  Eton.  Geal.,  1907,  11,  215,  313,  1909;  rv,  653. 
'  Campbell,  of.  cU. 

White,  Bull.  381,  U.  S.  Gcol.  Surv.,  1909. 
'  Schondorff,  Zl.  Berg.  IliUUn.  Sal.  Wesen  1.  Pr.,  1875,  xxiil.  13s. 
*itttck,»f.cil.,p.  iC. 
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but  are  decidedly  gas  coals;  again,  some  coals  with  85-87  per  cent.  F.C.  are  not 
anthracitic,  but  decidedly  coking  coals.  In  the  Saar  district^  the  F.C.  of  cok- 
ing coals  varies  from  61  to  72  per  cent,  which  would  bring  them  under  Grimo's 
gas  and  steam  coals.  Proximate  analyses  of  typical  coking  coals,  Table  82, 
from  the  Appalachian  field*  show  a  range  of  F.C.  from  53.27  to  73.02  percent 
which  brings  them  all  below  the  range  74  to  82  i>er  cent,  of  Griiner's  coking  coal 
Analyses'  of  Pennsylvania  gas,  steam  and  smithing  coals  tell  a  similar  sto^. 

Table  82. — Proximate  Analyses  of  Coking  Coals  from  the  Appalachian  Field 


Pennsylvania 


West  Virginia 


I 


Bcnning- ,  Connclls-  ^  Monon- 
ton       I      ville      1    gahela 


Poca- 
hontas 


Kentucky 


Tennessee 


Alabama 


H,0 

V.H.-C. 

F.C 

Ash 

S 


1.73 

1.26 

1.52 

■ 
0.69 

1.80 

1.50 

23.89 

31.79 

37.96 

19.96 

32.34 

32-51 

67.09 

59- 79 

53.27 

73.02 

60. 10 

59-33 

6.69 

7.16 

6.03 

5.67 

5. 10 

5.82 

0.66 

1 
1 

0.60 

I.  22 

0.66 

0.66 

0.84 

1.6s 

32-48 

60.15 
4.82 
0.90 


Nevertheless,  Griiner's  classification  will  remain  a  good  starting-point  until 
more  is  known  about  the  constitution  of  coal. 

Frazer's  classification*  of  Pennsylvania  coals  is  based  upon  the  fuel  ratio  or 
the  quotient  of  the  F.C.  divided  by  V.H-C.  There  are  four  classes  as  showflin 
Table  83.  This  scheme  works  well  commercially  with  Pennsylvania  coals,  but 
fails  from  a  general  point  of  view  in  that  it  groups  together  all  coals  with  a  fud 
ratio  of  5  and  less,  and  that  it  makes  no  provision  for  bituminous  coals  bordering 
upon  brown  coals. 

T.VBLE  83. — Frazer's  Classification  of  Coals 


Kind 


F.C. 


Bituminous ^ZZZ 

Semi-bituminous ;  ^'i.  89-83 .  33 

Scmi-anthracitc 92.31-88.89 

Anthracite  (hard,  dry) ioa-92 . 3 1 


V.H-C. 

fe 

F.C. 
V.H.-C 

16.67-100 

5-0 

II. 11-16. 

67 

^'S 

7. 69-1 I. 

II 

12-8 

0-  7. 

69 

100-12 

*  Schondorff,  op.  cit.,  p.  150. 

'  Fulton,  "Coke,"  Scranton,  Pa.,  1905,  p.  25. 

*  Ilalberstadt,  Coll.  Eng.,  1895-96,  xvi,  257. 

*  Tr.  A.  L  M.  £.,  1879,  vi,  430;  1906,  xxxvi,  825. 
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Campbell^  tried  the  different  schemes  advocated  for  classification  upon 
Ic  56  coak  examined  by  the  Coal  Testing  Plant  of  the  U.  S.  Geological 
Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis*  and  settled  provi- 
aonally  upon  the  C-H  ratio  as  giving  the  most  satisfactory  basis. 


Table  84. — Campbell's  Classipication  op  Coals 


C Anthracite. 

D 

E 

F 

G 

H 

I 

J 

K 

L 


Semi-anthracite 

Semi- bituminous 

Bituminous 

Bituminous 

Bituminous 

Bituminous 

Lignite  (brown  coal) . 

Peat 

Wood 
Cellulose 


1 


?-30? 
30?-26? 

26?-23? 
23?-20 

20-17 

17-14. 4 
14. 4-12. 5 

12.5-11.2 

II. 2-9.3 

9.3-? 
7.2 


Parr*  criticises  Campbell's  classification  of  total  C  :  total  H,  as  no  distinction 
is  made  between  inert  H  in  combined  water  and  available  H  in  combustible 

volatile  hydrocarbon,  and  the  ratio  F.C. :  V.H.-C  is  not  considered.    He  bases 

100 
his  classification,  (i)  upon  the  ratio  of  volatile  and  fixed  carbon,  VCX-p-,  in 

i^hich  VC  is  the  difference  between  total  carbon  and  fixed  carbon,  and  C  the 
total  carbon;  (2)  upon  the  inert  volatile  matter  (*.e.,  H2O)  in  coal. 

^Tr.  A.  I.  M.  E.y  1906,  XXXVI,  324. 

*BuU,  261,  U.  S.  Geol.  Surv.,  1905;  Eng.  Mag.,  1905,  xxrx,  19;  Professional  Paper  No.  48, 
J.  S.  Geol.  Surv.,  1906. 

'  Cannel  coals  are  not  included  on  account  of  the  absence  of  accurate  ultimate  analyses. 

*/.  Am.  Chem.  Soc,  1906,  xxvrii,  1425;  Mhi.  Rep.,  1906,  Liv,  394;  Bull.  3,  III.  State  Geol. 
urv.,  i9o6,p.  2y;Eng.Min.J.,  1907,  lxxxiii,  i 242 ;Circtt/ar  No.  3,  Univ.  III.  Bull.,igoS,p.  11. 
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Table  8$. — Parr's  Classipication  of  Coals 


Coal 


Anthracite 


Anthracite  proper. 


VC 


Ratio  -^r  below  4  per  cent. 


VC 

Semi-anthracite Ratio  -^  between  4  and  8  per  cent 

VC 

Semi-bituminous Ratio  -^  between  10  and  15  P^  "° 

fvc 
Ratio  -yr  from  20  to  32  per  cent. 


Bituminous  proper 


Black  lignites 


Brown  lignites 


1 


B 


Inert  volatile  from  5  to  10  per  cent 

VC 
Ratio -^  from  20  to  27  per  cent. 

.  Inert  volatile  from  10  to  16  per  cent. 


1VC 
Ratio->,-  from  32  to  44  per  cent. 
Inert  volatile  from  s  to  10  per  cent. 

f  VC 

J.    Ratio -^  from  27  to  44  per  cent. 

Inert  volatile  from  10  to  16  per  cent. 

VC 
Ratio -p-  from  27  per  cent.  up. 

.  Inert  volatile  from  16  to  20  per  cent. 

VC 
Ratio -^   from  27  per  cent.  up. 

Inert  volatile  from  20  to  30  per  cent. 


Grout^  uses  as  bases  for  classification  both  the  fixed  carbon  and  the  total 
carbon  in  the  pure  coal. 


Table  86. — Grout's  Classification  of  Coals 


Graphite 

Anthracite 

Semi-anthracite.. 
Semi-bituminous. 


Bituminous. 


Sub-bituminous. 


Cannel. 


Lignite. 


Peat  and  turf. 
Wood 


Name 


Fixed,  total 
carbon 


Per  cent,  of 
pure  coal 


over  99 
over  93 

83-93 

73-83 

47-73 
80-S8 

47-73 
73 . 6-80 

35-47 

73 .  ^88 

30-55 

65-73 -6 

below  50 

below  65 


*  Econ.  GeoL,  1907, 11,  225;  1909,  rv,  653. 


176 


GENERAL  METALLURGY 


Table  87. — ^Typical  Analyses  of  Aicerican  Coals 


State 


County 


Kind  of 
sample 


Coal  bed 


As 
received 


Proximate  dry'coil 


•  VolatUe 
Moisture  <  matter 

I 


Alabama. 


Arkansas. 


Colorado. 


Bibb 

Bibb 

Jefferson . 
St.  Clair. 


Pope. 
Logan, 


Mine '  Youngblood. 

Mine Thompson.. . 

Mine '  Pratt 

Mine '  Harkness — 


Mine '  Shinn  Basin, 

Mine Paris 


Sebastian :  Mine. 


Illinois. . . 

Indiana... 

Kentucky. 

Maryland . 
Montana . 


Boulder '  Mine 

Garfield |  Mine i  "A" 

Huerfano |  Mine i  Robinson. 

Las  Animas.  . . ,  Mine i 

Routt :  Mine 

Routt Mine 


Franklin .... 

Saline 

Williamson. . 

Greene 

Sullivan 

Vigo 


Crawford  11 -ft. 


Mine !  No.  7. 

Mine ;  No.  5, 

'  Mine ;  No.  7, 


Run-of-minc. 
Run-of-mjne. 
Run-df-mine. 


No.  4. 


New  Mexico. . 

Ohio 

North  Dakota 
Oklahoma.  . . . 

Pennsylvania. 


Hopkins. . . . 

Johnson 

Webster 

Allegany 

Allegany 

Carbon 

Dawson 

Fergus 

Yellowstone . 

Colfax 

Rio  Arriba. . 
San  Juan — 

Belmont. . . . 
Perry 


Run-of-mine.  1  No.  9 

Mine 1  No.  i 

Mine Owen  (No.  11)... 

Mine '  Upper  Scwickley. 

Mine ;  Big  Vein 


Mine ,  No.  s 

i  Mine ,  Whole 

j  Mine McDonald  Creek. 

j  Mine '  Buckey 

'  Mine 

!  Mine No.  i 

Mine 


Run-of-mine.  .  No.  8. 
Run-of-mine.     No.  6. 


Stark.... 
Williams. 


Mine. ....... 

Run-of-mine. 


Coal 

La  Flore. . 
Pittsburg. 
Pittsburg. 

Allegheny 
Cambria. . 
Fayette. . 
Indiana. . 


Mine McAlcster. . 

'  Mine McAlester. . 

Mine McAlester.. 

Mine ;  Hartshome. 


Washington . .  . 
Westmoreland 

Schuylkill 

Schuylkill 


Sullivan. 
Sullivan. 


Mine '  Pittsburg 

Mine "B" 

Mine I  Pittsburg 

Mine Upper  Freeport  or 

Mine Pittsburg 

Run-of-mine.  |  Pittsburg 

Mine >  Diamond 

Mine i  Mammoth    Middle 

Split. 

Mine B-6  ft 

Mine B-Lower 


Tennessee 

Texas 

Utah 

Virginia 

West  VirKinia. 


Campbell 
Morgan. . 

Wood.... 


Mine Rex . 

Run-of-minc.     Brushy  Mountain 


Carbon . 
Emery.  . 
Summit. 


Run-of-mine. 


Mine Upper. .  . 

Mine PuKsloy. 

Mine Wasatch. 


3.34 
3.10 
2.38 
3-39 

a.  07 
2.77 

3.2Z 

20. 45 
S-32 
6.90 
2.28 

12.20 
6.94 

IX.  SO 
5.56 
9.18 

13.58 
12.03 
13.53 

7.92 
6.43 
6.29 

3-4 
2.7 

9.31 
34  55 
14.13 
16.66 

2.X2 
1. 71 

15.79 

5. 31 
7.5s 

32.64 
38.92 


7 
3 

4. 
3 

2. 
3- 
3. 
5 


07 
13 
54 
53 

,60 

52 

24 
,02 


Wyoming. 


1.44 
3.98 
2.76 
2.80 

338 
3.4 

2.92 
5.59 

33.8s 

S.I  * 
4.0 
12.2 

Tazewell Mine Pocahontas  No.  3. .         4.0 

I 

Fayette I  Mine Scwcll 

F.iyt'lle I  Mine Fire  Crook 

•McDowoll Mine Pocahontas  No.  3. . 

.Marion Mine Pittsburg 

Kaloigh .Mine Bcckley 

'       .                     I 
BiRhom Mine 

Carlx m M inc No.  i 

Sheridan Mine Carney 

Sweetwater. ....  Mine Upper  Van  Dyke.  . 


4.95 
3.6 

2.74 
3.13 
4.7 

17.67 

9   57 

22.76 

is-yi 


34.7a 
36.00 

26.53 
31.77 

10.02 
15. II 
15.33 

38.38 
38.33 
37.53 
30.50 
40.78 
3.68 

30.17 
36.44 
30.06 

37.11 
40.53 
40.2s 

39.19 
38.69 
34." 

15. s 

14. 5 

37.64 
54.00 
31.87 
33.4a 

36.84 
36.89 
41-55 

38.78 
41.10 

43.34 
41.JB1 

39.18 
32.74 
39.29 
37.67 

33.54 
17.94 
28.04 

27.40 

35.1a 

29.30 

2.5s 

1.19 

8.77 
9.7 

33.00 
35.61 

41.57 

40.  S 
42.6 
48.0 

18.0 

19. IX 
17.46 
14-33 
34.02 

13. 5 

33  13 
47  21 
4430 
39  52 


Fixed  I  Aih 
carbon 


I 


S6.9» 
57.7 
6S.47 
59. o« 

80.48 
75.56 
75.07 

55.30 
52.39 
S3.3S 
60.13 
53.96 
81.24 

59.51 
54.33 
61.00 

53.46 
47.10 
47.31, 

49.88 
57.85 
57.77 

77.8 
78.0 


6.3 
9.1S 

9.$» 
9.33 

%% 


to 


.'4 

6.7 
7.5 


50.54  "  ij 

35.00  i  II. 0* 

11.73 

S.90 

51. 31  ".w 
56.07  I    7.04 

47.32  I  11.13 


56.40 
57.68 


52.92 
49.85 

39.71 
49^37 

49.16 
60.80 

51-74 
57.24 

6x.oo 
75.96 
64.61 
64.39 

58.61 
60.12 
84.40 
90.75 


79.33  I 

78.2    ; 
59.99 

54-OS  ' 


9.00 
9«5 

16.95 
IP 

lt.66 
646 

8.97 
5-09 

S.46 
6.1 
7.3s 
S.ai 

6.37 
10. 5S 
13.01 

11.90 

12.09 

7.01 
10.34 


47.39      1x04 


51.3 
51.2 
48.1 

77. 5 

77.59 
76.16 

80.59 
58.24 

81.9 


8. S3 

6.17 
3.86 

4.49 

3  3 

6.3S 

5.08 

7.74 
4.6 


57.65  '  9.22 

44.72  I  8.07 

51   25  4.4s 

56.04  4.44 


<a 

Ulliimt*  dry 

■Ml 

. 

Clorific  nlDB 
dcycoal 

ii,dcd- 

c„w 

-ir  i  o.--- 

•^■ 

C>lorio 

B.t.ii. 

Kind  of  coal 

M 

i 

70 

is    ; 

_ 

T.TSI 
7.77S 

13.964 

13.83J 

■    it 

i 

05 

i;i   i 

s 

!S 

13.091 

14^038 

]!:3 

10 

i 

a? 

•.x    ;; 

4" 

i 

7.009 

iaios6 

AmhiBcite. 

\b 

T3 

8g 

i:i     1 

PS 

T.I63 

iJ.ajo 

<:» 

*| 

04 

1. 64        e 

58 

le 

TJII 

7.069 

11I661 

Bituminoiu. 

4«o 

^: 

06 

46 

I  46         g 

" 

ii 

SS 

13.738 

gs= 

4.40 

Sj 

oa 

1:87       -1 

69 
J3 

f.140 

14.610 

I4.Sao 

4.64 
4  06 

i 

■;iS    ;? 

.86            g 

»6 

46 

•\ 

S:J;j 
S:ffi 

Sub-btlumuioiu. 

4. So 
4-96 

H 

s 

t.36            9 

l;8     .; 

86 
96 

6.S78 

ir.S40 

Sub-bituminom. 

^S 

" 

68 

t.l            6 

96 

J:til 

13.163 

i" 

« 

60 

.:"     « 

SI 

1° 

S.748 

10.346 

tS: 

1  ,.ti 
III 

i 

ii    i 

!1 

' 

6.8S6 
8.04a 

7;!«>6 

ia.341 
13I31S 

11:== 

S.»4 

4M 
4.91 

8a 

•d 

Bo 

i 

1.4')            6 

i  i 

8.034 

7MI 

14.461 
14.S00 
14.3B6 

I4.J76 

Bituminoul. 

86 

1.46        0 

3  ! 

S.oa8 

iSi 

Biluminou.. 

'  ill 

s; 

w 

'Xt      I 

"  i  ; 

7.565 

7,545 

13.617 
13.580 

Sem[-inthruita. 
Semi-uilhnicito. 

i     4-SB 

74 

Ja 

..6,              7 

%  i  : 

?:;^s 

1 3^604 

Bituminoul, 

4-4' 

65 

18 

1.07            IJ 

S3     1     :6 

6.296 

11.333 

Lignite. 

1.07 

11 

11 

I  'io        10 

83     '       ■ 

!l  1    . 

7.38S 

;l:i 

Bituminous. 

Bti 

04 

1.0;          3 

26     1       3 

s    1     8.40s 

IS. 130 

4. 78 
4!40 

1 

30 

if !  j 

i  '  ; 

,     1     ,,„ 

"iB 

Bituminoui- 

i;i 

1 

1 

ii  1  ii 

67 

I 

I 

6.537 
6.010 
6.783 

M.767 

Sult-biluminoui. 
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104.  Anthracite.^ — Excluding  graphite,  anthracite  represents  the  ultimate 
stage  of  mineralization  of  vegetable  matter.  Pennsylvania  anthracite  is  very 
homogeneous,  hard,  compact,  brittle,  jet-black,  often  shows  iridescent  colors, 
has  a  conchoidal  fracture,  the  luster  is  vitreous  to  sub-metallic;  specific  gravity, 
1.6;  weights  of  broken  coal  are  given  below,  1.6-1.8  cu.  ft.  broken  coal  equals 
I  cu.  ft.  coal  in  place;  is  difficult  to  ignite;  burns  almost  without  flame  (at  least 
the  harder  varieties);  contains  frequently  occluded  gas  (CH4).  Chance* gives 
the  figures  of  Table  88  as  the  range  of  composition : 

Table  88. — Range  of  Ultimate  Composition  of  Anthracite 


Pennsylvania 
anthracite 

Location 

c. 

per  cent. 

H. 
per  cent. 

HtO, 

per 

cent. 

Ash. 

per 

cent. 

0.  N  and 
other 
gases. 

per  cent. 

Specific 
gravity 

Hard  (dry),... 

Eastern  Middle  Field; 
east  e  r  n  f}art    of 
Southern.  Western 
Middle  and   North- 
ern Fields. 

91-98 

0-3 

0.5-2.5 

I-? 

0-2  or  3 

I.4S-I.7S 

Semi  (soft) 

Western    part     of 
Southern,    Western 
Middle  and    North- 
ern Fields. 

85-90 

Principally 
combined. 

i.S-3 

3-? 

S-io 

1.57-1  65 

The  proximate  analyses  by  Ashburner,'  Table  89,  give  the  general  character 
of  the  four  Pennsylvania  anthracite  fields. 

Table  8g. — Proximate  Analyses  of  Pennsylvania  Anthracite 


Field 


Dis- 
trict 


Bed 


Eastern  Middle 


Hazelton 


o 


•5 

o 

a 

<4 


Western  Middle 


Mahanoy,  Shamokiii 


O 

u 

.6 


J3 

B 

0 

a 

.uck 
fount 

^-4 

K^ 

pq  <i 

o 
o 

I 

c 

> 

m 


Southern 

Lehigh,  Pottsvillc 

X— N 

A^ 

^ 

xn 

0 

S  -o 

s 

.§.2 

a 

s 

H,0 

V.  M. 

F.  C. 

S 
Ash 

Sp.  gr. 


1 

3.713 

4. 119 

3-541 

3.163 

3.042 

3.4TO 

3.008 

3.087 

3.080 

3.084 

3   716 

3   717 

3.949 

3-978 

4.125 

4.275 

80.404 

86.379 

81.590 

81.143  ;  82.662 

80.868 

87.982 

83.813 

0.585 

0.496 

0.499 

0.899  '     0.462 

0.512 

0.506 

0.041 

6.218 

5.922 

10.654 

11.078  1    9.885 

11.232 

4.379 

8.184 

1.620 

1. 617 

1.654 

100. 

1-657 

1.607 

1.651 

1.584 

1. 631 

Northern 

or 
Wyoming 

Wilkes- 

barre, 

Scranton 


i 

a 


3.421 
4  381 
83.268 
0.727 
8.203 

1.575 


*  Ashburner,  Tr.  A.  I.  M.  A\,  1885-86,  xiv,  706. 
Chance,  Re  port ,  A.  C,  2d  Geol.  Survey  of  Pa. 

*  Op.  cii.,  p.  18;  2 2d  Ann.  Report^  U.  S.  Gcol.  Survey,  1900-01,  Part  iii,  p.  61. 

*  Mineral  Resources  U.  S.,  1883-84,  p.  69. 
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Some  anthracite  is  mined  in  Colorado,  New  Mexico,  and  a  small  amount  in 
Rhode  Island  and  Massachusetts. 

Table  90. — Proximate  Analyses  op  Anthracite  from  Colorado,  New  Mexico,  Rhode 

Island  and  Massachusetts 


Locality 

H,0       V.H.-C. 

F.  C. 

Ash 

Reference 

Colo.,  N.  M 

R.  I 

1.56 

5-93 
2.60 

3.76 

88.76 
78.00 

74.24 

3-75 
IS  06 

20.97 

• 

f  Eleventh  Census,  U.  5.,  1890, 
\     Mineral  Industries,  p.  361. 
Tr,  A.  I,  M,  £.,  1887-88,  XVI, 
709. 
Tr.  A.  I.  M.  E.y  1884-85,  xiii, 

S15. 

Mass 

1.02 

Anthracite  is  used  principally  (65  per  cent,  total)  as  a  domestic  fuel;  it  forms 
a  blast-furnace  fuel;  in  small  sizes  (pea,  buckwheat,  rice,  barley)  it  serves  for 
raising  steam,  and  is  a  good  reducing  agent  for  zinc  ores. 

Preparation  of  Anthracite. — Pennsylvania  anthracite  goes  through  a 
breaker  to  be  sized  and  cleaned  for  industrial  use.^  As  the  consimiption  varies 
with  the  time  of  year,  producers  require  large  storage-plants.^ 

The  data  in  Table  91  of  the  Susquehanna  Coal  Co.^  are  representative  of  the 
commercial  grades. 

Table  91. — Commercial  Sizes  op  Anthracite 


Grade 


Size  of  screen, 
inches 


on 


through 


Weight  per 

cu.  ft. 

lb. 


From  I 

cu.  ft.  solid, 

cu.  ft. 


Lump 

Broken 

E«8 

Large  Stove 

Small  stove 

Chestnut 

Pea 

No.  I  buckwheat. 

No.  2  buckwheat. 


4J- 

-9 

2j- 

:>i 

ij 

-2i 

ll- 

-li 

I- 

-li 

I 

J 

1 

s 

-3  . 

1 

35-4i 

ii-2i 

il-ij 

i-ii 

M 
M 


'i 


15 


57 
S3 
52 

51.5 
51.25 

51 

50.75 
50.75 
50.75 


1. 614 

1.75s 
1.769 

1.787 

1.79s 
1.804 

1. 813 

1. 813 

1. 813 


With  the  decrease  in  size  there  is  usually  an  increase  in  the  percentage  of  ash 
as  seen  in  Table  92.* 

*  Coxe,  Tr,  A,  /.  Af.  K.,  1890-91,  xix,  398. 
Sterling,  op.  cU.,  191 1,  xlii,  264. 

*Norris,  Tr,  A.  I.  M.  K.,  191 1,  xlii,  314. 

*  £11^.  and  Afin.  J.,  1889,  xlvii,  497;  sec  also  Sterling,  he.  cii, 

*  Ashburner,  op.  cit.,  p.  720. 
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Table  92. — Relation  op  Size  and  Ash-content  in  Anthracite  (Per  Cent.) 


Grade 


H,0       V.H.-C.  I      F.  C. 


S. 


Ash 


Egg 

Stove 

Chestnut. . 

Pea 

Buckwheat 


1.722 
1.426 
1.732 
1.700 
1.690 


3.518 

88.489 

0.609 

5.662 

4.156 

83.672 

0.572 

10.174 

4.046 

80.715 

0.841 

I 2 . 666 

3  894 

79.045 

0.697 

14.664 

4.058 

76.918 

0.714 

16.620 

105-  Cannel  CoaL^ — This  occurs  interstratified  in  bituminous  coal,  but 
differs  much  from  it.  It  is  hard,  compact,  takes  a  good  polish,  is  dark  gra3dsh- 
black,  dull,  shows  no  banded  structure,  resembles  black  shale,  has  a  conchoidal 
fracture  with  smooth  surface;  specific  gravity  i. 23-1. 28.  It  is  easily  kindled, 
burns  readily  with  a  long  luminous  flame  and  decrepitates  upon  heating. 

Griiner^  gives  as  ultimate  analysis  of  Lancashire  (England)  coal  free  from 
ash  and  moisture:  C,  85.81 ;  0+N,  8.34;  H,  5.85  per  cent.  Proximate  analyses 
of  some  Kentucky  coals  have  been  published  by  Macfarlane.*  More  recent 
analyses*  are  given  in  Table  93.  Cannel  coal  is  used  almost  exclusively  for 
gas-making,  occasionally  in  open-grate  fires. 

Bituminous  Shales  or  Boghead  Coal^  may  be  considered  as  a  shale 
impregnated  with  bitumen®  similar  in  composition  to  cannel  coal.  Table  94 
gives  the  results  of  distilling  California  bituminous  shales.^ 

Table  93. — Analyses  op  Kentucky  Cannel  Coal 


Sample 


No.  I 


Moisture 1 .  4S 

Volatile 45-25 

Fixed  carbon ,  38 .  50 

Ash I  24.80 

Total 100.00 


Sulphur 

Coke 

Specific  gravity. . . 

Color  of  ash 

B.t.u.,  per  pound 


1. 57 
S3. 50 

1.406 
brown 
12,04s 


No.  2 


Z.65 
51.80 
33.25 
13  30 

100.00 

1.78 
46.55 

1.283 
brown 
13.160 


No.  3 


1.38 
50.  19 
32.21 

16.  23 
100.00 

1.46 

48.43 
1.308 

brown 
12,605 


No.  4 

No.  5 

X.03 

1.30 

43.  13 

53.25 

27.8s 

33.50 

29.00 

11.95 

100.00 

100.00 

2.74 

1.68 

1 
■    •••••••1 

1. 417 

1.248 

lilac 

lilac 

No.  6 


11,389 


13.060 


100.00 

1.57 
29.37 

1.237 
lilac 
13.530 


xoo.oo 

0.54 



xoo.oo 

0.79 


xoo.oo 
0.901 

1.36a 
gray 
10,69s 

1.368 
brown 
12.990 





• 

*  Microscopical  Examination,  Bull.  Soc.  Ind.  Afitt.,  1899,  xiir,  1057. 
^Op.  cil,,  Vol.  I,  p.  125. 

*Tr,  A.  L  M.  E.f  1889-90,  xviii,  436. 

*  Ky.  Gcol.  Surv.,  Progress  Rep.,  1908-09,  p.  117. 
Pfening,  Coal  Age^  191 2,  11,  546. 

'  Microscopical  Examination,  Bull.  Soc.  Ind.  Min.,  1899,  xiii,  988. 

*  Eldridge,  Twenty-second  Ann.  Rep.,  U.  S.  Gcol.  Surv.,  1900-1901.    Bull.  213,  V.  S.  Geol. 
Surv.,  1903,  p.  296. 

Day,  Mineral  Resources  U.  5.,  19 10,  11,  833;  includes  Bibliography  of  U.  S.,  Geol.  Survey, 
p.  839. 

Hubbard,  P.,  "Bitumens  and  their  Essential  Constituents,"  U.  S.  Dept.  Agriculture 
Office  Public  Roads,  Circular  No.  93,  191 1. 
'  Cooper,  Min.  Sc.  Press,  1899,  L^J^^^I|  i49' 
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Table  94. — Distillation  of  Bitttminous  Shale 


Products  of  distillation 


Good  shale 


Boghead  coal 


High 


Low 


High 


Low 


V.M. 


Gas 

Ammonia  water. 

Tar  and  oil 

Sulphur 

Water  100®  C. . . 


13.65 
3.65 

11.04 
0.99 
2.82 


2.54 

6.47 

17.65 


3732 

2.43 
20.65 

0.18 

0.80 


32.15 


26.66 


61.38 


4.83 

3  23 

50.29 


58.35 


F.C 


Carbon. 
Sulphur. 
Ash.... 


4. 16 

26.66 

9.01 

1.05 

10.81 

0.06 

62.64 

65.53 

29.55 

12.40 

29.25 


106.  Coal  Statistics. — The  world's  production  of  coal  in  1910^  was  1,300,000,- 
000  short  tons,  of  which  the  U.  S.  contributed  about  39  per  cent. 

Table  95. — World's  Production  of  Coal 
(million  short  tons) 


Country . . 


United 
States 


Great 
Britain 


Germany 


Million     short 
tons. 


SOI. 6  296.0     I     24s  o 


Austria- 
Hungary 


54  6 


Prance 


42. 5 


Country Japan 

I 


India 


China 


Canada 


New  South 
Wales 


Million   short 
tons. 


16. 5 


IJ  3 


13   2 


12.8 


7-9 


elgium 

Russia  and 
Finland 

36.4 

35.0 

Spain 

1 

Transvaal 

1 

4  5 

;     '■* 

Country. 


Natal 


New 
Zealand 


Mexico  Holland 


Queensland  and 
Victoria 


Others 


Million  short  tons. . 


2.6 


2.  I 


1.4 


1 .2 


1 .  1 1 


27.9 


The  coal  fields  of  the  U.  S.  include  an  area  of  something  over  496,000 
sq.  miles.  Table  96  gives  the  classification  of  the  U.  S.  Geological  Survey 
and  some  statistical  data. 

*  Mineral  Resources,  U.  S.  Gcol.  Surv.,  1910,  Part  11,  p.  58. 
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Table  96. — Classification  and  Statistics  of  U.  S.  Coal  Fields 


Coal  Field 

Area, 
square  miles 

Production  in  19 10, 
million  short  tons 

Price  per  short  ton,  $  %■ 

ANTHRACITE 

Pennsylvania 

480 

2. 2 

1.90 
? 

Colorado.  New  Mexico 

29 

Including     Rocky 
Mountain. 

^^^^A^^A   %W%A^^S        ^    ^    ^r    WW           ^w^   ^ra»a>^^^    •••••••••        ■ 

BITUMINOUS 

Including  brown  coal  or  lignite, 

* 

etc. 

Eastern  Province: 

Atlantic   Coast   Region:   Vir- 

210 

Including      A  p  p  a- 

Va.0.90,  N.  C? 

ginia,  North  Carolina. 

lachian. 

Appalachian    Region:    Penn- 

69,332 

287.8 

Pa.  1. 02, O.I. OS, Mi 

sylvania,   Ohio,   Maryland, 

1.12,  Va.  0.90,  W.Va. 

Virginia,  West  Virginia,  East- 

0.90, Ky.  0.99,  Tenn. 

ern    Kentucky,    Tennessee, 

I.I  I,  Ga.  1.461  Alt- 

Georgia,  Alabama. 

1.26. 

Interior  Province: 

Northern  Region:  Michigan. . . 

11,000 

IS 

Mich.  1. 91. 

Eastern  Region:  Indiana,  West 

48,500 

72.6 

Ind.   1. 13,  Ky.  0.99, 

Kentucky,  Illinois. 

Ilh  1. 14. 

Western     and     Southwestern 

54,244 

22.3 

la,    1.7s,    Mo.   i.79i 

Region:      Iowa,    Missouri, 

Kans.'i.6i,Ark.i.s6f 

Kansas,     Arkansas,     Okla- 

Okla. 2.22,  Tex.  1.07. 

homa,  Texas. 

Rocky  Mountain  and  Great  North- 

ern Plains  Provinces: 

Arizona,  North  Dakot^i,  Mon- 

124,671 

28.8 

Ar.    ?,   N.   D.  i.49» 

tana,  South  Dakota,  Wyo- 

Wyo. i.ss,  Vt.  1.68. 

ming,  Utah,  Colorado,  New 

Colo.   1.42,  N.  M- 

Mexico,  Idaho. 

1.39,  Id.  3.92. 

Pacific  Coast  Province  and  Alaska : 

1 

Washington,     Oregon,     Cali- 

1,830 

54. 0 

Wash.  2.50,  Ore.  3.48, 

fornia,  Alaska. 

Cal.  and  AL  2.74. 

Grand  total 

310,296' 

501.6 

Av.  bituminous  1.12. 

\^     '7 

V 

Av.  anthracite  1.90. 

1 

General  av.  1.25. 

Comparing  the  area  and  production,  it  will  be  seen  that  the  Appalachian 
region,  second  largest  in  area,  is  first  in  production,  while  the  Northern  Plains 
Provinces,  largest  in  area,  stand  third  in  rank.  This  is  due  to  the  fact  that  the 
best  steam  and  coking  coals  come  from  the  Appalachian  region.  It  may  be 
said^  that  passing  from  East  to  West,  the  different  coal  fields  diminish  in  value. 

^Not  including  100,705  square  miles  of  which  little  is  known,  but  which  may  contain 
workable  beds,  and  3 1 ,805  square  miles  where  coal  lies  under  heavy  cover  and  b  not  at  present 
available. 

*  U.  S.  Census,  1880,  Vol.  xv,  p.  617. 


Their  decrease  in  F.C.  and  corresponding  increase  in  V,H,-C.  is  shown  by  the 
following  table  of  McCreath:' 


.2 

I 

.3 

1 

.9 

Penn.j'lv.nai 

h 

Peniny 

...i. 

1" 

£ 

II 

il 

¥ 

w 

Is 

|li 

H« 

1,40 

41. 8J 
...X. 

1 

J8.10 

M.-I9  73.84   fta^o. 

o-Sfl 

g'fis 

V.H^C 

PC 

j.4>i  j.a. 

85.06  8s. 70 

'■■°  '-  °"  '"  °" 

°"     ■'" 

107.  Pulverized  Fuel  (Fuel  Dust).*— In  mining,  much  fine  coal  isproduced. 
To  the  difierent  methods  of  utilizing  non-coking  mine-fines,  such  as  burning  on 
step-grates,  agglomerating,  using  in  gas-producers,  etc.,  a  new  one  has  been 
added  which  converts  the  coai  into  fine  dust  and  thtn  burns  it,  thoroughly 
mixed  with  air  to  secure  perfect  combustion,  in  special  fire-places  heated  to 
suffidcntly  high  temperatures  to  ignite  the  coal.  The  first  attempts  at  burning 
fuel  dust  probably  were  those  of  Niepce^  in  1818.  Crampton  in  1868  returned 
to  the  subject;  it  lapsed  again  until  1892  when  ivith  Wegener  it  took  a  new 
start.  Since  then  different  methods  and  various  mechanical  apparatus  have 
been  devised,  but  on  the  whole  the  method  has  made  only  slow  progress. 

In  order  to  work  satisfactorily,  it  is  essential  that  the  V.H.-C.  of  the  coal  be 
over  30  per  cent.,  as  a  short-flame  coal  withunder  20  per  cent.  V.H.-C.  does  not 
ignite;  that  the  moisture  be  uniform;  that  the  coal  slack  be  finely  and  uniformly 
pulverized  and  intimately  mi.ted  with  the  air  requisite  for  perfect  combustion; 
and  that  the  mixture  be  conveyed  automatically  and  continuously  into  an 
hot  ignition  chamber.     If  these  conditions  are  fulfilled,  and  the  coal-dust  par- 

'  From  Fullou,  J.,  "Coke,"  Scrantnn,  Pa.,  1903,  p.  14.  ^^^ 

*  Ciilomcr,  Coll.  Guard.,  189s,  IXDC,  798.  ^Brt 

Donkin,  Tr.  Fed.  Iiut.  Min.  Eng.,  1895-96,  xi,  331,  ^^^H 

Gary,  Tkenirid.  Z..  1896,  xx,  545,  5G4,  581.  ^^H 

Edilot,  op.  tit.,  1899,  xxui,  1665,  1677.  ^^^ 

Travb,  PtnetT,  1904,  xxiv,  768. 

Caxey.J.Soc.  Chem.  tnd.,  1905,  xxiv,  369;  £wj.  Min.  J.,  1905.  lxxx,  1113;  1906,  lxxxi, 
90%. 

BiTtlett,  Iron  Aft,  Nov.  6,  tgot;  J.  Aaae.  Engin.  Sec,  1903,  xxt,  44. 

Ennis,  Eng.  Mag.,  1907-08,  xxxi\',  463,  577. 

Metule,  Tr.  Am.  Itnt.  Chem.  Eng.,  1909,  I,  99;  Eltclroihem,  Met.  tnd.,  1909,  vii,  6t. 

Uugfaes,o^.  <:tl.,  ;9ii,  iv,349. 

Editor,  EHf.  Min.  J.,  1908,  lxxxv,  641. 

Hart-Davis,  Tr,  Inif.  Min.  Eng.,  191  j.xuu,  tii, 

SBroMeD,  Eng.  Min.  J.,  1906,  ucxxi,  274. 

Sbdby,  of.  cit..  iQoS,  ixxxv,  S4'- 

Thomas,  op.  cit.,  p.  660. 

Browne,  J.  Can.  Min.  Inst.,  igu,  xv,  1 13. 
MiM.  Mints,  1875,  vn,  176. 
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tides  are  surrounded  and  held  in  suspension  by  the  requi^te  air,  ^proimtt 
perfect  combustion  can  be  obtained.  An  excess  of  air  cools  the  fiame  and  cuus 
smoking,  a  lack  causes  the  combustion  of  the  V.H.-C,  while  the  F.C.  cokts. 

Coal  with  i  per  cent.  HtO  makes  a  flame  about  lo  ft.  long;  with  0.5  and  ItB 
per  cent,  the  flame  is  shorter;  hence  in  using  pulverized  fuel  in  a  puddling  fo- 
nace  stress  is  laid  upon  having  the  coal  thoroughly  dried  before  it  is  crushed. 


Fig.  87. — Four-compartment  dryer,  C.  O.  Bartlett  &  Snow  Co. 

The  many  advantages  claimed  for  the  method,  such  as  small  consumptiog 
of  coal,  approximate  perfect  combustion,  raising  of  the  boiler  efficiency  from  50 
to  75  per  cent.,  perfect  control  of  fire,  cheapness  of  attendance,  small  formation 

^ _^  of  clinkers,  ease  of  stopping,  urging  and 

slackening  of  fire,  use  of  low-grade  fuel, 

have  hardly  bpen  all  realized.     They  are 

said  to  more  than  balance  the  cost  of 

grinding  the  coal.     Slack  b  ground  at  the 

rate  of  35  cents  a  ton.'    The  slack  to  be 

ground  should  not  contain  over  2  1/2  per 

cent.   HiO,   a  larger  amount  causes  the 

particles  to  ball  in  crushing,  to  pack  in 

feeding    the  dust  into  the  burner,   and 

prevents  the  necessary  intimate  contact 

of  dust  and  air.    The  dryers'  in  common 

use  are  externally-fired  revolving  inclined 

cylinders.    The  apparatus  is  placed  in  a 

separate  building,  windows  and  doors  are 

kept  open  to  carry  off  dust,  rafters  and 

roof  are   swept   weekly  to  prevent  accumulation   of   explosive  dust.     The 

dryer  of  the  C.  0.  Bartlett  &  Snow  Co.  of  Cleveland,  0.,  shown  in  Figs.  87 

'  Bryan,  Am,  Machinist,  1Q06,  p.  52. 

'Ennid,  Eng.  Mag.,  1907-08,  xxxiv,  463. 
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and  88,  may  serve  as  an  example.  It  is  an  inclined  hollow  iron  revoli 
ing  cylinder  with  4  compartments,  which  receives  nut  coal  at  the  upper 
end,  and  is  heated  from  a  fireplace  situated  beneath  the  feed.  The  hot 
gaacs  playing  around  the  cylinder  are  drawn  by  an  exhaust  fan  toward  the  dis- 
charge end,  leave  the  heating  chamber  through  the  roof,  pass  downward  through 
a  6ue  and  rise  through  the  cylinder  in  contact  with  coal  which  in  its  downward 
travel  is  showered  through  the  ascending  hot-air  current;  this  passes  ofT  near 
the  feed  end  into  the  fan.  A  No,  6  dryer,  27  ft.  long  and  4  ft.  diam.,  treats  per 
hr.  6  tons  coal  reducing  the  water  from  lo-u percent,  down  to  i  percent,  and 
requires  5  r/jh.p.;aNo.  10  drj'er,  28  ft.  long  and  5  ft.  diam.,  treats  per  hr. 
tons  coal  with  an  expenditure  of  9  h.p.  With  coal  at  $3,00  per  ton  the  cost  of 
heating-fuel  is  about  6  cents  per  ton  nut  coal  to  be  dried. 

The  coal  to  be  ground  should  not  be  coarser  than  1.5  in.  The  dust  ought 
be  fine  enough  for  75  per  cent,  to  pass  through  a  200-,  and  95  per  cent,  through 
a  loo-mesh  screen.  The  grinding  and  pulverizing  machinery  used  shows  the 
greatest  variety.  Common  machines  (§270  and  foil.)  are  the  Ball  Mill,  the 
Huntington,  Griffin,  Kent,  Fuller-Lehigh,  and  Raymond  Roller  Mills,  and  the. 
Tube  Mill,  the  Hardinge  Mill,  As  a  rule  the  comminuting  is  separated  from 
the  feeding  apparatus;  the  coal  is  ground,  delivered  to  a  receiver  and  thence 
transferred  to  the  feed-hopper  of  the  burner.  In  a  few  instances,  notably 
in  the  Day  or  Ideal  apparatus,^  and  the  Aero  Pulverizer  Co.'s  device,*  the 
breaking  and  pulverizing  of  coal,  mixing  with  air,  and  delivering  the  mixture; 
to  the  furnace  is  one  continuous  process.  This  combination  tends  to 
plicate  the  machine  and  to  increase  the  power  necessary  for  operating. 

The  Aero  Pulverizer  No.  10,  at  Lebanon,  Pa.,  making  975  r.p.m.  and' 
requiring  20  h.p.,  grinds  per  hr.  1,400  lb.  crushed  coal  containing  from  3  to  j 
per  cent.  HjO  to  a  product  of  which  20  per  cent,  will  be  retained  on  a  loo- 
sieve.  The  fuel-dust  is  burnt  in  a  nodulizing  furnace  used  for  agglomerating 
magnetite  concentrates. 

A  central -discharge  tube-mill,  21  ft.  long  and  5  ft.  diam.,  making  20  r.p.m.' 
grinds  per  hr.  6  tons  coal  (containing  o.g  per  cent,  H;0)  coarsely  pulverized 
in  a  Huntington  mill.  The  dust,  of  which  10  per  cent,  is  coarser  than  100- 
mcsb,  is  used  in  firing  a  rotary  cement  kiln. 

At  the  works  of  the  Canadian  Copper  Co.,  Copper  Cliff,  Ont.,*  two 
Ra>'mond  Impact  Pulverizers  convert  in  10  hr.,  to  nearly  all  finer  than  aoo- 
mesh,  so  tons  coal  (ic  per  cent,  ash)  which  has  been  crushed  to  nut  size  and 
dried  in  a  Ruggles-Cole  dryer.  The  dust  serves  to  fire  reverberatory  matting 
furnaces. 

Special  precautions  have  to  be  taken  in  grinding  to  guard  against  dust 
explosions.  On  account  of  the  danger  of  spontaneous  ignition,  the  coal-dust 
may  not  be  stored  over  a  or  3  days;  ordinarily  it  is  used  up  nearly  as  fast  as  it  is 


of  

he  » 


'J'aver,  1904,  XXIV,  170;  Am.  Ufr.  and  Iron  H'orld,  li 

Ennis,  £m£.  Wuj.,  igo?-oS,  xviiv,  471. 
'  Eng.  and  Mtn.  J.,  mof).  lxxxi,  374. 
'  /,  CaHod.  Uin.  Instil. ,  iQii,  xv,  iij. 


fV'.3i6. 


i86  GENERAL  METALLURGY 

ground.  It  has  been  suggested  to  transport  coal-dust  in  pipes  in  the  form  oS  a 
liquid  mud,  to  settle  it  at  the  place  of  consumption,  drain  p£F  the  water,  and  dry 
the  coal  sufficiently  to  permit  its  being  fed  mechanically.  The  plan  has  not 
progressed  beyond  an  experimental  stage. 

In  the  different  apparatus  for  burning,  the  fuel-dust  is  either  drawn  (Wegener, 
Westlake,'  Ruhl,  Pinther,  Schwartz-Zkopf,'  etc.)  or  blown  (Friedeberg,  De 
Camp,  Engineering  and  Powdered  Fuel  Co.,  Cyclone,'  Day,  Freitag,*  etc.)  into 
the  fire  chamber.     With  the  former  there  is  no  automatic  regulation  as  is  the 


Fig.  89. 
Fics.  S9  and  90. — Wegen 


:  apparatus  for  burning  fud  dust. 


case  with  the  latter.    Of  the  devices  described  in  the  references  given,  three 
may  serve  as  types. 

The  Wegener  Apparatus,*  Figs.  89  and  90,  consists  of  a  hopper  A  receiving 
the  powdered  coal;  the  outlet  is  governed  by  a  gate  with  pear-shaped  valve.  The 
rate  of  discharge  is  regulated  by  tapping  the  sieve  B  (5.5  in.  cUam.)  from  150  to 
150  times  per  min.  by  means  oE  knockers  or  shakers  D  attached  to  the  vertical 
shaft  of  the  disk-fan  C  which  is  revolved  from  50  to  80  times  per  nun.  by  the 
inrushing  air  current  E.    The  descending  coal-dust  meets  in  the  vertical  pipe 


'  Eng,  Record,  1900,  XHi,  615;  Eng.  News,  1901,  xlv,  178, 

•  Rail-ivay  and  Eng.  Rev.,  Oct.  6,  1900;  /.  Weil.  Soc.  Eng.,  March  »,  1904. 
'Eng.  A'eu'i,  1501,  xlvi,  415, 

*  Zl.  Yereia  deulsch.  Ing.,  1S99,  XLni,  ggS;  Am.  MJr.,  1S99,  LXV,  316, 
'Poaw,  1904, XXIV,  168. 
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.  diam.)  the  ascending  air  current  and  is  carried  into  the  brick-lined  flue 
re  it  kindles  about  i  ft.  from  the  front.  On  either  side  of  the  main  pipe 
jxtra  air  inlet  F.    While  tests  under  boilers  have  shown  an  efficiency  of 


Powdered  Coal 


I  ^Elevatli 


End  ~l  Elevation 
Air 


Pipe  lor 
Air  Blast 


Fig.  91. — Friedeberg  apparatus  for  burning  fuel  dust. 

80  per  cent.,  the  main  drawback  found  with  the  apparatus  is  that  it  will 
►nly  211  lb.  coal  per  hr. 

e  Friedeberg  Apparatus^  is  shown  in  part  section  and  elevation  in  Fig.  91. 
3pper  a  filled  with  coal-dust  ends  in  box  b  the  lid  of  which  has  2  pockets  c, 


Fig.  92. — B.  F.  Sturtevant  Co.,  apparatus  for  burning  fuel  dust. 

»nnected  with  a  branch  of  blast-pipe  d.    The  blast  (pressure  6  in.  water) 
)  the  dust,  carries  it  through  pipe  e  into  uptake/  where  it  meets  the  air 

Fed,  Inst.  Min.  Eng.,  1895-96,  xi,  328. 
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from  the  second  blast-pipe  g,  is  mixed  with  it  and  delivered  through  a  codid 
nozzle  of  fire-brick  to  the  combustion  chambers.  As  seen  in  the  diaving,  tki 
air  from  the  fan  entering  through  pipe  A  is  divided  into  the  two  branches  diai 
g,  the  velocities  of  which  are  regulated  by  dampers.  Boiler  effidendes  of  bm 
66  to  7  7  per  cent,  have  been  obtained  in  trial  tests.  The  apparatus  has  been  Bed 
for  heating  crudble  furnaces  when  a  temperature  of  1,450°  C.  has  been  attained. 
It  is  absolutely  necessary  that  the  percentage  of  moisture  in  the  dust  be  low 
and  its  distribution  uniform. 

Injector  Apparatus:  Most,  if  not  all,  of  the  fuel-dust  burners  used  in  the  D.S. 
are  of  this  type  as,  e.g.,  the  Culliney,*  used  by  the  American  Iron  and  Sted 


ElavatioD 
Fics.  93  to  97.— B.  F.  Sturlev 


nuz7.lc  for  burning  fuel  dust. 


Mfg.  Co.,  Lebanon,  Pa.,  in  puddling  and  heating  furnaces,  the  Ellis*  and  others. 
The  apparatus  of  the  B.  F,  Sturtcvant  Co.,HydePark,  Mass.,  may  serve  as  ei- 
ample.  Fig.  93  gives  a  vertical  longitudinal  section  which  shows  the  general 
arrangement.  The  coal-dust  in  hopper  A  is  discharged  by  screw-feed  C  driven 
by  a  variablc-specd  gear,  and  drops  into  the  cast-iron  delivery-pipe  K  where  it 
meets  the  contracted  blast-pipe  //  which  is  connected  by  the  shtet-iron  pipe  J 
with  the  blast  main;  L  is  the  blast-gate.  Details  of  the  Sturtevant  cast-iron 
nozzle  used  at  the  reverberatoiy  matting  furnaces  of  the  Canadian  Copper  Ca, 
Copper  ClifT,  Ont.,  are  shown  in  Figs.  93  to  97.     The  main  differences  between 

'  U.  S.  Palent  No.  7S430;,  JIaich  7,  igos- 
'  U.  S.  Patent  No.  844857,  Feb,  19,  190;. 
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tliis  arrangement  and  the  one  shown  in  Fig.  92  are  that  the  blast-pipe  does  not 
protrude  beyond  the  hopper  outlet,  and  that  there  is  a  door  in  the  side  of  the 
nozzle  near  the  outlet  to  give  access  in  case  of  clogging  or  some  other  disturbance. 
The  distance  between  hopper  outlet  and  furnace  is  8  ft*  A  cast-iron  pipe 
of  suitable  length  is  slipped  over  the  nozzle. 

108.  Compressed  Fuels  in  General.^ — Compressed  fuel,  patent  fuel  or  fuel 
briquette,  is  a  general  term,  for  any  finely  divided  combustible  that  has  been 
compacted  to  the  form  of  a  solid  block.  The  manufacture  of  coal  briquettes 
began  in  France  in  1842;  it  then  spread  into  England  (1846),  Belgium  (1852), 
Austria  (1858)  and  Germany  (i860),  and  has  been  since  then  an  established 
industry  in  the  leading  European  coal  centers.  Briquetting  brown  coal  began 
at  a  later  date,  about  1870.  Germany  leads  Europe  in  this  industry.  It  is 
estimated  that  about  3  per  cent,  of  all  the  coal  mined  is  briquetted.  In  the  U.  S. 
wry  little  briquetting  is  carried  on.  This  is  accounted  for  by  the  low  price  of 
lun-of-mine  coal  and  the  high  cost  of  pitch.  Semi-anthracite  culm^  was  bri- 
quetted near  Richmond,  Va.,  anthracite  screening  at  Milwaukee,  Wis.,  semi- 
bituminous  slack  at  Huntington,  Ark.;  briquetting  plants  are  in  operation  in 
California,  Michigan  and  perhaps  other  states.  With  the  advent  of  by-product 
coking  ovens  the  lack  of  pitch,  the  main  cause  for  the  early  failures,  is  being 
removed. 

In  order  to  make  a  satisfactory  coal  briquette,  it  is  desirable  that  the  mixture 
contain  13-17  per  cent.  V.M.;  if  it  runs  higher,  the  briquette  is  likely  to  smoke 
when  burning;  if  lower,  to  crumble.    A    mixture  of  lean  and  fat  coals,  of 

*Gurlt,  A.,  "Die  Bearbeitung  der  Steinkohlenbriquettes,"  Vieweg,  Brunswitk,  1880. 
Preissig,  E.,  "Die  Presskohlenindustrie,"  Craz  and  Gerlach,  Freiborg,  1887. 
Junemann,  F.,  "  Die  Brickett-Industrie,"  Hartleben,  Vienna,  1903. 
Dumble,  E.  T.,  "  Brown  Coal  and  Lignite,"  Gcol.  Survey  of  Texas,  Austin,  Tex.,  1892. 
Colquhoun,  W.,  "Manufacture  of  Coal  Briquettes,  Engl,  Instil.  Civ.  Eng.^  1894,  cxviii, 
iio\  Eng.  and  Min,  /.,  1895,  lx,  347. 

Bjarling,  P.  R.,  Coll.  Guard.,  1897,  Lvn,  556,  601,  647,  695,  738,  784,  826,  872,  919,  962; 

Uin.Ind.,  1897,  VI,  177. 

Bjorling,  P.  R., "  Briquettes  and  Patent  Fuel,"  Rebman,  London,  1903. 

Stohmann-Kerl,  "  Handbuch  d.  Tcchnischen  Chemie,"  Vicwcg,  Brunswick,  1893,  JV, 
pp.411  (Peat),  462  (Brown  coal),  569  (Bituminous  coal). 

Fulton,  J.,  "Coke,"  Scranton,  Pa.,  1905,  pp.  406-466. 

Prelim.  Report,  Coal  Testing  Plant,  U.  S.  Geol.  Surv.,  Louisiana  Purchase  Exposition, 
>t  Louis,  1904,  Bulleiin  No.   261.    Final  Report,  Projessional  Paper  No.  48. 

Schorr,  Tr.  A.  I.  M.  E.,  1905,  xxxv,  82,  968. 

Frankc,  G.,  "Handbuch  der  Brickettbcreitung,"  Enke,  Stuttgart,  1909,  Vol.  i,  "Fuel." 

Wright,  BuU.  30,  Bureau  Mines,  1911;  Eng.  Mag,,  1910,  xxxix,  46;  Tr.  Am.  Ceratn. 
aCf  1910,  xn,  69. 

Blauvelt,  Tr.  A.  L  M.  £.,  1910,  xli,  255. 

Holmes,  BuU.  29,  U.  S.  Geol.  Surv.,  1906,  p.  48,  bibliography. 
«  Wagner,  Cass.  Mag.,  1896-97,  xi,  23. 

Loiscau,  Tr.  A.  I.  M.  E.,  1877-78,  vi,  214;  1879-80,  vui,  314^ 

Atwater,  Eng.  Min.  J.,  1899,  lxvii,  264. 

Irwin,  Iron  Age,  June  19,  1902. 

Dorrance,  Tr,  A.  I.  M.  E.,  1911,  XUi,  365- 
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anthracite  or  coke  with  brown  coal  or  peal,  will  not  make  a  briquette  that  is  «i 
good  as  the  natural  fuel.  A  coal  briquette'  should  have  the  following  iou 
properties:  (i)  It  should  be  hard,  sonorous,  homogeneous,  odorless  and  nmi- 
hygroscopic,  the  content  of  HzOshouldbe<  s  percent.,  and  of  ash  <  lopcrcenl., 
the  specific  gravity  <i-is.  (2)  The  weight  should  not  exceed  21  lb.,  andlhe 
form  be  such  as  to  make  handling  easy  and  permit  breaking  without  making 
fines.  (3)  The  breakage  in  handling  and  transportation  should  be  <sperc«il. 
(4)  The  briquette  should  kindle  readily  and  burn  with  a  bright  and  practicillj 
smokeless  flame;  its  calorific  power  should  be  at  least  equal  to  that  of  the  lump- 
coal  from  the  screenings  of  which  it  was  made,  the  usual  pitch  binder  adding 
about  3  per  cent,  to  the  fuel  value. 


9 

■ 

Bl3| 

M^lfa 

Iw^ 

1 

i 

ta] 

I^^^^H 

wl 

Q 

■ 

^y 

^^^^^P 

ill 

■ 

^^^^ft 

^^^^^I^H 

K 

■ 

■k^I 

^^^^^^^1 

^^ 

m 

Fic,  98. — Forms  of  fuel  briqucites. 

The  shape'  of  briquettes  varies  somewhat  (Fig.  9SJ.  The  prismatic  form 
with  rounded  corners  is  common  forsizesranging  from  5X5X1  to  12X8X4111., 
which  weigh  up  to  22  lb.  The  thickness  never  exceeds  5  in.  Prismatic  blocks 
can  be  packed  closely;  the  long  smooth  surfaces  of  the  large  sizes,  used  under 
boilers  of  factories,  steamers  and  locomotives  do  not  kindle  readily.  The 
briquettes  are  therefore  generally  broken  with  a  hammer  before  feeding  into  the 
fireplace.  The  breaking  is  facilitated  by  channels  running  crosswise.  Igni- 
tion is  also  aided  by  longitudinal  perforations.  For  small  sizes  the  egg-  (ovoid, 
eggette  fuel)  ball-  (boloid  fuel)  and  cylinder-forms  are  common;  their  weight 
ranges  from  1/  2  to  2  lb.  Egg-  and  ball-shaped  briquettes  give  little  dust  and 
waste  in  transportation,  but  occupy  much  space.     Briquettes  occupy,  on  the 

1  Schwackhiifer,  "Technologic  der  WStme  und  des  Wassers,"  Faesy,  Vienna,  1883,  p.  69. 
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average,  from  10  to  14  per  cent,  less  space  than  the  coal  from  which  they  are 
made. 

Brown-coal  briquettes  conform  to  a  large  extent  to  the  requirements  made  of 
coal  briquettes;  in  addition  they  contain  much  less  water  than  the  raw  air-dried 
brown  coal,  as  they  have  to  be  dried  artificially  before  briquetting.  The  same 
holds  good  for  peat  briquettes,  except  that  here  the  difference  in  water,  and  often 
in  ash,  between  raw  material  and  briquette  is  much  more  marked. 

With  the  exception  of  peat  and  certain  earthy  brown  coals  in  the  neighbor- 
hood of  Cologne  and  Halle,  Germany,  all  combustibles  require  a  binder  to  make 
a  satisfactory  briquette;  hence  briquetting  with  bond  is  the  prevailing  custom. 

The  binder^  in  conmion  use  is  pitch  from  tar  and  petroleum  residues,  and 
recently  naphthalene.^  The  other  organic  binders:  rosin,  asphalt,  molasses, 
starch  (dextrin),  albumens,  etc.,  are  of  minor  importance.  Organic  binders 
running  low  in  ash  and  increasing  the  burning  and  calorific  value  of  a  briquette 
are  to  be  preferred  to  inorganic  (clay,  alum,  salt  and  sodium  carbonate,  magne- 
sium chloride  and  oxide,  lime,  gypsum,  water  glass,  metallic  sulphates  and 
sulphite  liquor')  which  not  only  have  no  fuel  value,  but  increase  the  percentage 
of  ash. 

Pitch*  is  obtained  by  the  distillation  of  tar.  According  to  the  temperature  at 
which  the  distillation  is  carried  on,  three  kinds  are  distinguished  commercially. 


Kind  of 
pitch 


DistiUed 
at^'C. 


Yield, 
pitch,    I 

per  cent.  ' 

I 


Sp.  gr. 


Volatile  matter 


Softens 
at**C. 


Melts 
at^'C. 


Soft <I40 

Medium 140-220 

Hard 300-400 


60-75 
50-67 


1.09 
09-1. 12 
12-1. 28 


Light  oils 

Light  and  heavy  oils. 
Anthracene 


40 

60 

100 


60 

100 

150-200 


The  pitch  commonly  used  has  a  specific  gravity  of  1.19,  softens  at  70°  C,  and 
melts  at  100-120°  C.  It  remains  hard  at  ordinary  temperature,  can  be  carried 
in  bulk,  and  broken  in  a  pitch  cracker  (gyratory  crusher,  toothed  rolls,  revolving 
beaters)  to  the  requisite  size  of  0.25  in.;  it  is  dull  black,  not  greasy,  has  a  con- 
choidal  fracture;  the  edges  do  not  splinter  when  bitten  with  the  teeth;  it  hardens 

*  Stcger,  Zt.  Berg.  IliUten.  Sal,  Wescn  i.  Pr.y  1902,  L,  311. 
Muck,  op,  cil.j  1889,  XXXVII,  370. 

Schenck,  Oest,  Zt,  Berg,  Hiittcnw.,  1890,  xxxviii,  465. 

Binder,  op,  cit.j  1899,  xlvii,  279  (testing  apparatus  for  pitch). 

iVIills,  Bull,  343,  U.  S.  Gct)l.  Survey,  1908. 

DUnkelberg,  Stahl  u,  Eiseriy  1909,  xxix,  551. 
'  Grahn,  GlUck  Auf,  191 2,  xlviii,  1536,  1764. 
■  Schorr,  Eng.  Mitt,  /.,  1909,  lxxxviii,  451. 

Wright,  Bull,  14,  Bureau  Mines,  191 1,  p.  52. 

*  Swoboda,  "Dcr  Asphalt,"  Voss,  Hamburg,  1904. 

Eldridge,  "Asphalt,"  Twenty-second  Ann,  Rep.^  U.  S.  Gcol.  Survey,  1901,  Part  I. 
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suddenly  when  dropped  in  the  molten  state  into  water  of  15®  C.    Sof t-^pitch  or 
tar-briquettes  stick  unless  kept  cool,  smell  and  bum  with  a  smoky  flame.    Tk 

following  samples  of  pitch^  gave  the 
most  satisfactory  results  in  the  tests 
made  at  the  St.  Louis  exposition  in 
1904.  The  tests  proved  that  in  order 
to  have  the  requisite  binding  power,! 
pitch  must  contain  from  7.5  to  14  per 
cent,  creosotes  or  adhesive  oils.  With 
>  14  per  cent,  volatile  oils,  the  pitch  was 
too  soft;  pitch  with  less  than  7.5  per 
cent,  volatile  oils  can  have  its  binding 
power  increased  by  adding  creosote  oils, 
i.Cy  the  V.M.  driven  off  at  and  below 
315°  C.  Hard  pitch  used  in  Europe  as 
binder  contains  75  to  80  per  cent.  C  and 
o.  2  5  to  o.  50  per  cent.  ash.  The  amount 
of  pitch  required  for  briquetting  varies 
from  4  to  10  per  cent. ;  7  to  9  per  cent,  is 
a  common  figure.  The  size  of  partides 
ought  not  to  be  greater  than  0.25  in.  nor 
smaller  than  -^7  in.  Coal  rich  in  ash  is, 
therefore,  often  washed  to  reduce  the 
ash-content  which  should  be  <6  per 
cent.  Very  fine  material  makes  a 
smooth  and  hard  briquette,  but  it  re- 
quires a  large  amount  of  binder;  fur- 
thermore the  briquette  is  difficult  to 
ignite  and  requires  a  strong  draft  to 
burn  successfully.  Beside  the  size  of 
the  material,  the  percentage  of  water 
it  contains  has  an  influence  upon  the 
quality  of  the  briquette.  Some  water 
must  be  present;  with  coal  it  should 
not  exceed  5  per  cent.,  with  brown  coal 
it  is  more,  and  with  peat  still  more. 

The  pressure  employed  in  making 
a  briquette  has  an  influence  upon  the 
permissible  percentage  of  water,  Bri- 
quetting-material  that  is  too  wet  has  to 
be  dried.  Sometimes  air-drying  is  suffi- 
cient; if  not,  it  is  supplemented  by 
steam-dryers  or  special  drying  furnaces. 

1  Bull.  No.  261,  U.  S.  Geol.  Survey,  1905, 
pp.  13S  and  139. 
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pushed  aod  dried  coal  is  mixed  with  the  bond  (pitch),  heated  in  a  vertical 
IX  horizontal  pug-mill,  and  then  passes  into  the  compressing  machine. 

Bbiqoetting  Machines. — Presses'  are  of  two  types:  Open-mold  presses 
ised  for  peat  and  some  kinds  of  brown  coai,  and  closed-mold  (resistance)  presses 
laed  generally  for  the  other  fuels,  occasionally  for  peat.  Closed-mold  presses  are 
ather  tangential  or  plunger  presses;  with  the  latter  the  pressure  can  be  applied 
ather  on  one  or  on  both  sides  of  the  briquette.  The  compressing  force  is  usually 
(tctm,  but  in  a  few  instances  hydraulic  pressure  has  been  employed. 

109.  Briquettiiig  Pest — Raw  peat  contains  about  85  per  cent.  HgO,  13  per 
sent  peat-substance  and  a  per  cent.  ash.  In  briquetting,  the  15  per  cent, 
combustible  matter  and  ash  to  be  compacted  has  to  be  freed  as  much  from  water 


Fig.  99.— Schlickeyscn  peat  briquetting  machine. 

lod  air  as  can  be  done  economically.  Thus  raw  peat,  of  which  i  cu.  ft.  with  85 
percent.  H»0  weighs  63  to  66  lb.,  is  converted  without  the  use  of  a  binder  into 
ait-dried  machine-peat  with  about  20  per  cent.  HtO,  and  into  artifidally-dried 
compressed  peat  with  13  to  16  per  cent.  HiO,  one  cu.  ft.  weighing  40  to  60  lb. 

Open-mold  presses  are  in  common  use  in  Europe;  the  operation  is  called 
•et-pressing  as  the  peat  has  to  be  wet.  Closed-mold  presses  are  in  operation 
in  Canada;  the  operation  is  called  dry-pressing,  as  the  permissible  water  is 
limited  to  about  16  per  cent. 

The  leading  open-mold  peat-briquetting  machine  is  that  of  Schlickeysen, 
Rp.  99-100.*  It  is  a  portable  machine,  Fig,  99,  which  is  set  up  at  the  edge  6f  a 
bog  and  moved  from  one  part  to  another  as  the  work  of  excavating  progresses. 
It  consists  of  three  parts:  The  endless-belt  conveyer  Z  which  receives  the  raw 
ptat,  discharges  it  through  chute  T  into  the  feed-box  B,  which  delivers  into  the 

'  Steger,  5io«  «.  EUcn,  igoj.xxiii,  1313,  1393. 

De  k  RochB,  BraunioUe,  1904-05,  ni,  565,  577. 
'Haiuding,  A.,  "Handhuch  der  Torfgewinnung,"     Parey,  Berlin,  1904,  p.  151. 

E<^r,  Th.,  "Die  Torfindustrie,"  Hartleben,  Vienna,  1898,  p.  48, 
«3 
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horizontal  chamber  B,  Fig.  loo;  the  propeller-blades  of  the  latter  force  thepulfi 
through  the  die/,  Fig.  99,  in  the  form  of  a  plastic  bar,  about  3X4  in.,ooto 
boards  3  ft.  long,  the  bar  being  cut  into  3-ft.  lengths.  The  charged  boards 
placed  on  trucks  and  run  to  the  drying  yard;  the  prisms  are  cut  there  intoi* 
in.  lengths,  {placed  on  the  drying  floor  where  they  air-dry  in  about  two  wedi 
In  the  feed-box  B,  Fig.  100,  is  a  hollow  shaft  D  with  beaters  £,  which  makes  100 
to  400  r.p.m.  These  beaters  work  between  six  sets  of  sharp  propeller  bUda 
f  keyed  to  shaft  C;  they  cut,  tear  and  feed  the  raw  peat  to  the  bUita" 
F.  Some  of  the  peat,  however,  would  lie 
carried  around  shaft  A  if  it  were  not  re- 
moved by  the  balanced  scrapers  E  attadied 
to  the  shaft  G.  In  case  the  feeder  becomo 
choked,  the  scrapers  are  automatically  raised, 
as  indicated  by  the  dotted  lines  of  lever  and 
sliding  counterweight  /,  and  do  not  feed  an; 
peat  until  the  chamber  B'  has  been  dearei 
In  case  of  necessity,  the  doors  K,  JC'sndi" 
can  be  opened  and  obstructing  matter  re- 
moved. Between  the  six  sets  of  blades  F 
there  are  placed  sharp-edge  oblong  steel  bus 
P  acting  as  cutters;  they  can  be  exi 

without  opening  the  housing.     The  cuttiM 

tie,  IQO.— Schhckeyscn  peal  bn-  .   ^       ■  i  »i.     i_      ,  j  .i. 

quetting   machine.     Section    through    ^"^^  t*=='""S   "'  ^^^  ^e^^*^^'  «"<J  ^^ 
teed-hoppcr.  kneading  and  compressing  of  the  blades  sets 

free  the  natural  binder  "pentosane," 
tained   in   the  peat-substance,  which  is  to  cement  the  particles.    Its  exact 
nature  Is  not  known,  as  so  far  it  has  not  been  isolated. 

The  machine  will  compact  9  cu.  ft.  of  raw  peat  with  80  to  85  per  cent.  HiO 
into  6  cu.  ft.;  these  when  air-dry  will  have  shrunk  to  2.5  cu.  ft.,  and  retain  ao 
per  cent,  HiO.  Any  further  drying  to  bone-dry  briquettes  has  to  be  donclqr 
artificial  heating.  This  Is  rarely  done  unless  the  briquette  is  to  be  gasified  or 
coked.  A  medium-sized  machine  with  a  screw-chamber  15.75  i"-  diam.  requiiei 
8  to  10  h.p.,  the  feed-shaft  makes  200  and  the  screw-shaft  80  r.p,jn.  Hie 
machine  will  treat  4,300  cu.  ft.  of  raw  peat  and  produce  raw  briquettes  cMi*- 
sponding  to  30  tons  when  air-dry.  The  machine  weighs  3,850  lb.  The  cost  of 
a  plant  complete  with  engine,  tracks,  cars,  etc.,  ready  to  operate,  is  in  Germany 
$4,500.  The  labor  required,  including  digging  and  shoveling  peat  by  band,  i> 
16  men  and  one  boy,  beside  the  engine-  and  fire-man.  The  total  cost  for  labor 
per  day  in  North  Germany  is  $28.56. 

The  Dobson  press,' in  successful  operation  at  Beaverton,  Ont,  may  serve  u 
an  example  of  a  closed- mold  plunger-press.  The  85  per  cent.  HiO  of  the  aw 
peat  is  reduced  to  45  per  cent,  in  about  2.5  hr.  by  spreading  the  material  out  in 
the  open  to  a  thickness  of  i  to  1.5  in.  Before  the  water-content  can  be  reduced 
to  from  16  to  18  per  cent.,  the  air-dried  peat  has  to  be  disintegrated.    Thisis 

'  Report,  Bureau  of  Mines  of  Ontario,  1903,  Toronto,  pp.  3ia  kod  aa>. 
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accomplished  in  a  breaker  which  is  a  horizontal  cylindrical  sheet-iron  box  closed 
M  the  bottom  by  a  4-mesh  screen.  A  horizontal,  shaft  revolves  in  it  at  the 
TwHt  of  400  r.p.m.;  this  shaft  carries  radial  arms,  i  ft.  long,  connected  near 
tk  ends  by  longitudinal  rods  on  which  are  strung  4-in.  steel  fingers.  The 
ontrifugal  force  causes  the  fingers  to  fly  out  radially;  they  disintegrate  and 
abed  the  peat  and  scrape  it  through  the  grating.  The  pulped  material  then 
(DCS  to  the  Dobson  dryer  (Fig.  loi). 

This  dryer  is  an  inclined  (14  in.  in  30  ft.)  cylinder  (30  ft.  long,  3  ft.  diam., 
3/8-in.  iron)  supported  by  radial  cast-iron  arms  attached  to  two  revolving  (1.5 
J^  m.)  shafts  extending  1 2  ft.  into  either  end.     Between  the  supports  are  longit u- 


iC^v^- 


Fkmt 


Bectton  throosh 
A-B 

Fig.  ioi. — Dobson  peat  dryer. 
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dinal  ribs  (3X3-in.  angles  kept  3  in.  from  the  shell  by  pins)  which  raise  the  peat 
and  shower  it  through  the  ascending  hot  gases.  The  cylinder  is  enclosed  by  a 
rectangular  brick  casing.  The  fireplace  is  at  the  upper  end  of  the  cylinder;  the 
flame  and  gases  pass  downward  around  the  cylinder,  enter  this  at  the  lower  end, 
ascend  in  it,  and  pass  off  through  a  sheet-iron  stack  at  the  head.  The  air-dried 
peat  travels  through  the  cylinder  in  20  min.,  and  has  its  water  content  reduced 
to  16  per  cent.  The  capacity  of  the  dryer  is  12.5  tons  in  10  hr.,  the  fuel  con- 
sumption about  1.5  tons  of  air-dried  peat.  The  disintegrator  and  dryer  with 
accompanying  conveyor,  elevator  and  exhaust  fan  require  about  15  h.p.  The 
furnace-dried  peat  is  now  compressed  into  cylindrical  briquettes  (2.25  in.  diam. 
and  7  in.  long)  by  the  two-plunger  Dobson  press  shown  in  Figs.  102  and  103. 
Each  [dunger  is  moved  by  an  eccentric;  it  has  3  parts  the  compressing  punch  R, 
the  expelling  punch  S  and  the  oil-swab  T»  Its  die-block  L  has  8  dies;  a  die 
holds  2  briquettes;  the  lower  one  formed  in  the  first  round  is  subjected  to 
another  compression  by  a  second  briquette  being  formed  on  top  of  it.  With 
every  upward  movement  of  the  plunger,  the  die  block  is  turned  1/8  of  a  revolu- 
tion by  the  reciprocating  lever  and  the  ratchet  G,  and  an  empty  die  filled  with 
peat»  In  the  downward  movement,  the  expelling  punch  S  will  drive  out  the 
bottom  or  completed  briquette  and  push  downward  the  top  one  that  has  been 
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compressed  only  once;  the  compressing  punch  R  wUI  form  8  new  briquette  on 
top  of  the  one  previously  made  in  the  same  die,  and  the  oU-swab  T  will  oU  an 
empty  die  to  diminish  the  friction.  The  pressure  exerted  is  12.5  tons  per  sq.  in.; 
the  machine  makes  50  r.p.m.  and  produces  100  briquettes;  the  output  in  10  hr, 
is  19.5  tons  (35  briquettes'°io  lb.).  To  operate  the  press  with  the  accessory 
shafting,  conveyors,  etc.,  lequires 
13  h.p. 

Shorr'  constructed  an  experi- 
mental hydraulic  plunger  press  with 
hand  pump  having  a  plunger  5  in. 
diam.  Two  men  can  turn  out  60  to 
80  briquettes  per  hr.  subjecting 
them  to  a  pressure  of  11,400  lb. 
per  sq.  in.  With  a  double  mold  the 
capacity  is  60  to  100  briquettes 
and  the  pressure  5,700  lb.,  which 
is  amply  sufficient  for  the  work. 
Estimates  of  cost  of  plant  and  of 
briquetting  have  been  given  by 
Shorr.* 

no.  Briquettiiig  Brown  CoaL — 
The  earthy  brown  coal  mined  in 
the  neighborhood  of  Cologne  and 
Halle,  Germany,'  is  at  present  the 
only  variety  which  is  briquetted 
without  bond.  Common,  brown, 
pitch  and  glance  coals  require  a 
binder;  as  their  treatment  diSera 
little  from  that  of  bituminous  coal, 
they  need  not  be  discussed  sep- 
arately,* 

In  briquetting  the  above  earthy 
brown  coal,*  two  methods  are  em- 
ployed: wet  pressing  and  dry 
pressing. 

Wkt  Pressing. — In  wet  press- 
ing, the  coal  is  reduced  to  a  fine 
powder  by  crushers  and  rolls,  mixed 
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'  Eng.  and  Min.  J.,  1905,  LXXX,  969. 
'  Tr.  A.  I.  M.  F...  1905,  XXXV,  106. 

•  Schorr,  Eiig.  ilin.  J.,  190S,  ucxxv,  4fio;  igio,  uotxix,  514. 

•Wright,  CI.,,  "Briquetting  Tests  of  Lignile,"  Bureau  Mines,  5  uU.  14,  1911. 

*  Details  sec  Fischer,  Stohmann-Kcrl,  Dumble,  op.  cil. 

Richter,  C,  Horn,  P.,  "Die  Mechanische  Aufbereitung  der  Braunkohle,"  Kii^ip,BlUe, 
10,  pp.  40-1  =9. 
Fraoke,  cp.  cil.,  pp.  lEg  to  631. 
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«rilli  water  in  a  horizontal  pug  mill,  10  to  15  ft.  long,  and  passed  through 
aa  (^>eD-mold  press  of  the  auger  type.  The  revolving  screw  kneads  and 
■  onies  forward  the  mixture  received  at  the  rear  end  and  forces  it  out  at  the 
font  through  a  steam-heated  copper  or  bronze  die.  The  issuing  bar  is  cut 
iaio bricks  3.5X4-75X8  in.  which  shrink  upon  drying  to  3.35X435X7.5  in- 
11k  air-dried  briquettes  retain  up  to  40  per  cent.  HjO;  they  can  bear  little 
lundling,  and  are  used  as  a  domestic  fuel. 

DsY  Pressing. — In  dry  pressing,  the  coal  containing  40  to  60  per  cent.  HjO 
is  crushed,  rolled,  screened  through  an  8-mesh  sieve,  dried  in  steam-heated 
Aytn  and  briquetted  while  still  warm  (30  to  40°  C.)  in  an  Exeter  press.  The 
fimshed  briquette  should  not  contain  <  r6  or  >  ao  per  cent.  H2O,  not  <  4  to  6 
a  >  13  to  14  per  cent.  V.  M.  (the  higher  the  V.  M.,  the  lower  the  necessary 
H)0).    The  shelf-dryer  of  Vogel  and  revolving  dryer  of  Schulz'  are  in  common 


Flo.  104. — Exeter  briquette  press. 


Fio.  105. — Exeler  briquette  press. 


ose,  as  they  furnish  a  uniform  product,  create  no  dust,  accompanied  by  danger  of 
nplodons  ;*  are  easy  of  access  and  have  a  large  capacity.  They  have  superseded 
the  direct-fired  and  hot-air  dryers.  The  Exeter  press,*  Figs.  104  and  105,  is  a 
Wizontal,  open-moid, plungerpress.  The  plunger^,  about  4  in.  sq.,  traveling  in 
1  slightly  converging  mold  B,  has  a  6-in.  stroke  and  makes  65  to  So  strokes  per 
min.  The  pressure  developed  is  i  to  a.5  tons  per  sq.  in.  and  requires  a  50  h.p. 
en^e.  The  mold  B,  about  3  ft.  3  in.  long,  is  composed  of  4  sections  of  hard- 
ened steel  which  are  held  in  place  by  screw  C  through  retaining  plate  D.  The 
screw  is  tightened  to  proper  tension  by  hand-wheel  E,  worm  F  and  worm- 
"beel  C,  The  coal  is  fed  through  hopper  A,  With  every  back  stroke  of  the 
lounger  a  certain  amount  of  coal  drops  from  the  hopper  into  the  mold  and  is  com- 
pressed on  the  forward  stroke  against  the  15  to  lo  briquettes  in  the  mold,  one 

'  Frdberg,  Jakrb.,  1898,  Plate  vi,  p.  26. 

Heckmuin,  Drying  lignite  briquettes,  BraunkolUe,  igia,  XI,  5J4- 
■  Polster,  BraunkoUe,  igii,  x,  597,  613. 
'Modern  multiple  presses:  Steger,  Stahliitul  Eisen,  I9a3,xxiii,  ijij,  1393. 

Jordan,  Cluck  AuJ,  1910,  xlvt,  46,  607, 1965,  2015. 

Ehriurdt-S^mer,  BraunkoMt,  1912,  x.,  713. 
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Bode  K  ia.— 1  foot 


briquette  being  expelled  at  the  open  end.    Of  the  total  length  of  stroke  of  6  in. 
3.7s  is  passed  through  without  compressing. 

The  high  pressure  and  the  resulting  rise  in  temperature  (to  80  to  100  C) 
liquefy  bituminous  matter  (melting-point  70  to  80**  C.)  of  the  coal  which  ads 
as  a  binder.  If  the  temperature  should  rise  beyond  100**  C,  say  to  130  or  13^ 
C,  vapors  will  be  liberated  which  interfere  with  regular  work;  in  order  topre- 
vent  this,  the  mold  may  have  to  be  water-cooled.  The  finished  briquette  upon 
leaving  the  mold  at  50  to  60°  C.  expands  1/30  of  its  length  and  gives  up  some 
water.  It  is  essential  that  the  briquettes  be  piled  up  loosely,  as  otherwise  there 
is  danger  of  self-ignition.^ 

III.  Briquetting  Bituminous  Coal  and  Anthracite.* — Bituminous  coal  and 
anthracite  are  briquetted  almost  wholly  with  a  binder.  There  are  some  bitu- 
minous coals  of  decidedly  coking  char- 
acter which  can  be  and  perhaps  are  bri- 
quetted without  a  binder.  With  anthra- 
cite culm  the  addition  of  a  few  per  cent 
of  bituminous  coal  will  assist  the  result 
considerably.  The  operations  to  be  con- 
sidered are:  Crushing  of  coarse  coal, 
drying  of  fine  (washed)  coal,  crushing  or 
melting  of  pitch,  mixing  of  coal  and  ptch 
in  correct  proportions,  compressing  the 
mixture. 

The  leading  machine  for  crushing 
coal  is  the  Carr,  known  in  the  United 
States  as  the  Stedman  Disintegrator.'  The  vertical  cross-section  given  in  Fig. 
106,  shows  it  to  be  composed  of  two  pairs  of  oppositely  revolving  cages  of  round 
bars,  each  pair  carrying  a  disk  mounted  on  the  end  of  a  revolving  shaft.  The 
coal  with  <  6  per  cent.  H2O  is  charged  into  the  hopper  and  fed  at  the  centor. 
Upon  entering,  it  is  struck  and  partly  broken  by  the  central  cage;  the  pieces 
pass  outward  and  are  struck  and  broken  by  the  second  cage  revolving  in  the  op- 
posite direction,  and  so  on  by  the  third  and  fourth.  Passing  out  from  the  last, 
the  comminuted  coal  is  collected  in  a  housing,  not  shown,  and  discharged.    A 

machine  40  in.  in  diam.  will  crush  175  to  200  tons  of  coal  in  10  hr.,  a  60-in. 

*  Heinrichsen-Taczak,  GlUck  Auf,  191 1,  xlvii,  1640,  1681. 

•  Franke,  op,  cit.f  pp.  1-287. 

Schorr,  Tr.  A.  I.  M.  £.,  1905,  xxxv,  82,  968. 
Parker,  op.  cit.^  1907,  xxxviii,  581. 

Galloway,  Proc.  South  Wales  Inst.  Min.  Eng.j  1909,  xxvi,  389. 
Wright,  Bull.  385,  U.  S.  Geol.  Surv.,  1909;  Eng.  Mag.,  1910,  xxxix,  195. 
Dorrance,  Tr.  A.  I.  M.  £.,  I9ii,xlti,  365  (anthracite). 
Malcolmson,  Hartshorne  plant,  Okla.,  Mines  and  Minerals^  1909,  xxix,339. 
Hughes,  Devillers  plant,  Iron  Age,  19 10,  lxxxv,  432. 
Johnson  &  Son,  Leeds,  Coll.  Guard. ,  19 10,  xcix,  570. 
Blauvelt,  plant  at  Detroit,  Tr.  i4.  /.  3/.  £.,  1910,  xu,  255. 
'Richards,  R.  H.,  "Ore-dressing,"  New  York,  1903,  Vol.  i,  pp.  284,  285,  298;  see  also 
Figs.  430  and  431. 


Fig.  106. — Stedman  disintegrator. 


machine  ioo  ions;  i  h.p,  is  required  for  every  4  to  5  tons  trcalcd  in  10  hr.; 
tUieness  of  the  product  is  regulated  by  the  speed  of  the  machine. 

Washed  coal,  which  has  been  freed  from  a  large  part  of  its  water  by  drainage, 
is  further  dried  by  heating  in  re\-erberatory  furnaces,'  Centrifugal  machines, 
steam-  and  hot-air  dryers  have  fallen  into  disuse,  as  they  are  too  expensive. 
With  coking  coal,  the  reverberatory  furnace  has  the  further  advantage  that  the 
temperature  can  be  raised  to  the  softening  point  and  the  necessary  amount  of 
pitch  correspondingly  reduced. 

The  Bi^trix  drying  furnace,'  Figs.  107-109,  has  found  much  favor  in  Europe. 
It  is  a  circular  mechanical  reverberatorj-  furnace  with  hearth  A  revolving  in  a 
horizontal  plane.  From  the  lateral  fireplace  B  the  flame  travels  over  the  hearth, 
drops  through  two  ports,  returns  underneath  it,  and  passes  oft  through  port  C 
into  the  flue  leading  to  the  stack.    The  hearth  .-I,  made  of  cast-iron,  is  carried 
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Fic  108. 
Figs,  ioj  to  log. — Biitrii  diying  furnace. 

by  the  vertical  shaft  D.  This  is  supported  by  an  adjustable  stop-box  E,  held 
at  the  top  by  guides,  and  rotated  from  below  by  means  of  a  bevel  gear  F.  In 
the  side  of  the  furnace  are  six  doors.  Through  four  of  them  pass  stationary 
arms  G  with  teeth  pointing  downward;  through  the  j-in,  door  H  is  placed  the 
rabbling  device  consisting  of  two  arms,  of  which  one  is  fixed  and  has  a  number 
of  adjustable  horizontal  blades,  while  the  other  is  movable  and  serves  to  change 
the  angle  the  blades  make  with  the  arm.  The  coal  fed  by  blades  /  in  the  cylin- 
drical hopper  J  is  spread  over  the  hearth  by  the  scrapers  and  turned  over  by  the 
teeth.  It  is  discharged  through  the  6-in.  door  A'  in  the  side-wall  into  a  ron- 
wyor  trough  which  delivers  itto  thepugmillandtheprcss.  The  temperature 
in  the  furnace  rises  to  aoo°  C,  and  the  dried  and  perhaps  softened  coal  leaves  it 
at  80  to  95°  ^-  A  furnace  with  ahearlh9.i8ft,  diam.,  making  6  r.p.m.,  treats 
35  tons. of  coal  in  10  hr.;  a  hearth  13. iz  ft.  with  4  to  5  r.p.m.  60  tons;  and  one 
18.37  ft.  with  3.5  to  4  r.p.m.  100  tons.  The  fuel  consumption  is  40  tb.  of  coal 
per  ton  of  dried  coal;  t  man  tends  a  furnace;  the  cost  of  a  furnace  in  France  is 

'  JuriluQ,  GlUck  Ai(f.,  iQio,  XLVi,  40.  607,  1965,  1015. 
'  Uiiiti  and  Uineralt,  1004-05,  xxv,  i6j. 
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$3,600.00  and  over.    A  modification  of  the  furnace  has  been  made  by  I 
Pitch  is  sometimes  added  to  the  coal  in  the  liquid  state  (wet-pitck  frtcm); 
ordinarily  it  is  incorporated  in  the  solid  state  {dry-pitch  process). 

In  the  wet-pitch  process,  the  hard  pHch  is  dissolved  in  1 5  to  30  per  ceot  tu 
(freed  from  light  oils)  in  a  horizontal  coal-fired  boUer-iron  trou^  in  wliidi 
revolves  a  shaft  with  pugging  arms.  A  trough  is  ao  to  33  ft.  long,  3.3  to  6Ji[L 
wide,  6.6  to  7.2  ft.  deep,  holds  9  to  18  tons  of  pitch  whichis  liquefied  in  11  to  » 
hr.  with  a  consumption  of  3  per  cent,  coal  on  the  weight  of  the  charge.  ACoif- 
finha]  press  (see  below)  producing  70  tons  briquettes  in  10  hr.  requires  tn 


CouSinhal  press. 


troughs  each  of  9  tons  capacity,  one  to  be  discharged  while  the  other  is  being 
heated. 

In  the  dry-pitch  process  the  pitch,  broken  to  nut  size  by  corrugated  or 
diamond-pointed  rolls,  is  usually  added  to  the  coal  when  this  is  being  fed  into 
the  disintegrator,  thus  assuring  uniformity  in  size  and  completeness  of  nuxture. 
Screw  conveyors  or  bucket  elevators,  run  at  regulated  speeds,  furnish  the 
desired  proportions  of  pitch  and  coal.  In  drying  fine  coal  from  a  washery,  the 
pitch  is  often  charged  with  the  coal  into  the  furnace  or  into  the  trough  through 
which  the  dried  coal  leaves  the  furnace.  The  mixture  of  coal  and  pitch  goes  to 
a  steam-heated  pug  mill.  Vertical  pug  mills  are  more  common  than  horizontal 
ones.  A  vertical  mill  is  2.5  to  4.0  ft.  diam.  and  6  to  10  ft.  high;  its  shaft  makes 
20  to  25  r.p.m.  The  cylinder  is  heated  by  means  of  a  jacket  (dry-steam  sys- 
tem), or  the  steam,  preferably  superheated,  is  injected  in  the  paste  (wet-steam 

'  Richer,  op.  cil.,  Vol.  Il,  p.  4;. 
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system);  often  both  systems  are  in  operation  together.  The  paste  when  de- 
livered to  the  press  has  a  temperature  of  70  to  90°  C,  and  contains  3  to  5  per 
cent.  HiO  and  6  to  10  per  cent,  pitch. 

The  pressure  eserted  by  a  press  is  1,100  to  1,400  lb,  per  sq,  in,  of  briquette 
surface;  in  esceptional  cases  it  reaches  double  this  amount.  The  power  required 
ranges  from  4  to  8  h.p.  per  ton  briquette  produced  per  hour. 

Of  the  different  presses,  those  of  Couffinhal  (Middleton,  Yealdon)  and 
Fouqucmberg  (Chisholm,  Boyd  and  White)  may  serve  as  examples.  The 
Coutiinhal  Press,' shown  in  Figs,  no  and  in*  is  a  double  compression  machine, 
»,f,,  the  briquettes  are  pressed  from  top  and  bottom.  The  engine  shaft  a  drives 
by  means  of  a  pinion  wheel  b  the 
^urwheels  cc'.  At  the  opposite 
ends  of  the  two  spurwheel-shafts 
id'  are  the  crankwheels  te'  tied  by 
the  connecting  rods^'  to  the  cross- 
head  gg'  which  communicates  its 
motion  to  the  upper  double- 
cheeked  lever  kk'  by  means  of  the 
connecting  rods  ii'  and  the  pins 
hk'.  To  the  lever  are  attached 
the  upper  compression  piston  / 
md  the  ejecting  piston  m  which 
are  guided  in  their  vertical  motion 
by  the  fixed  center  n.  A  second 
double-cheeked  lever  00' ,  below 
the  molding  table  ic,  pivoted  at  e, 
carries  the  lower  compression  pis- 
Ion  q-  In  the  downward  motion 
of  piston  /  a  moment  arrives  when 
the  limit  of  compression  of  the 
upper  surface  of  the  briquette  is 
Kached  through  the  resistance 
of  the  lower  piston  q  and  the  friction  between  the  paste  and  the  walls  of  the 
Uold.  A  reaction  sets  in,  the  fulcrum  of  lever  kk'  is  changed  from  its 
(Miginal  position  on  the  left  of  piston  /  to  the  surface  of  the  briquette.  The 
continued  downward  motion  of  the  upper  lever  near  m,  raises  the  lower  lever 
•*  by  means  of  the  rods  pp',  and  thereby  the  piston  q  which  compresses  the  lower 
part  of  the  briquette.  Thus,  during  the  compression  of  the  upper  surface  of  the 
briquette,  the  fixed  point  was  near  I,  while  during  the  compression  of  the  lower 
portion  it  was  at  e.  Rubber  cushions  rr'  on  rods_^  regulate  the  pressure.  The 
Git  of  piston  q  is  limited  by  the  cast-iron  cylinder  s  (attached  to  the  pin  connect- 
ing cheeks  0')  striking  a  plate  screwed  to  the  rod  /  which  is  held  in  the  frame 
of  the  machine.     When  the  upper  lever  rises,  the  spring  u  brings  the  lower  lever 

DiKflfrPel.  J.,  1883,  ccxivii,  ijo;  18S4.  ecLiv,  H4. 

LcitladcDzuT  Eisenbattenkuiide,"  Springer,  Berlin,  iSqS,  Vol.i.pp.  49*'"' 
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back  to  its  original  position.  While  the  compressioD  piston  /  molds  a  briquette, 
the  ejecting  piston  m  forces  out  a  finished  briquette  on  to  the  rocking  table  t  vliick 
tips  it  on  to  an  endless  belt.  The  paste  is  brought  by  ascrewconveyoitothe 
pug  mill  ^  to  be  discharged  from  the  bottom  (or  the  side)  in  to  the  distributingpu 
X,  the  arms  of  which  force  it  successively  into  the  12  molds  of  the  table  10  as  tbcj 
pass  underneath  the  pan.  The  rate  of  discharge  is  regulated  by  means  of  Ibe 
hand-wheel  C.  The  shaft  of  cylinder  y  ia  driven  from  the  engine  shaft  a  by  1 
bevel-pinion  and  a  gear-wheel;  the  shaft  of  the  pan  x  is  geared  at  the  top  mti 
the  shaft  of  cylinder  y.  The  table  in  is  steadied  by  the  base-plate  z  and  tht 
center-piece  «;  it  is  rotated  by  the  bottom  pins  B  which  engage  in  grooves  cut  m 
the  cylinder  A ,  keyed  to  shaft  dd'.    The  grooves  resemble  those  of  a  worm-gear; 


Fouquemberg  press. 


they  are,  however,  cut  in  such  a  manner  that  the  table  comes  to  a  standstill 
and  is  held  firmly  by  3  pins  when  the  molds  have  arrived  under  the  pistons.  It 
then  travels  on  at  an  accelerating,  followed  by  a  retarding,  speed  until  it  again 
comes  to  a  stop. 

The  machines  on  the  market  are  of  various  sizes,  lliey  make  briquettes 
weighing  2.2,  6.6,  11  and  22  lb.,  and  have  accordingly  a  capacity  of  20,  50,80 
and  160  tons  of  briquettes  in  iohr.,consumingi8, 40,  boandQoh.p.  The  cost,* 
in  Germany,  of  a  plant  having  a  daily  capacity  of  100  tons  of  5-Ib.  briquettes  is 
$13,000;  of  200  tons  lo-lb.  briquettes,  $19,600;  of  300  tons  jo-lb.  briquettes, 
$25,300.  According  to  J.  Bordollo,  Kingsbridge,  New  York  City,  a  machine 
producing  in  22  hr.  50  tons  of  briquettes  of  i  1/2  lb.  or  150  tons  of  7  lb., 
requires  45  h.p.,  weighs  70  tons,  and  costs,  f.o.b.,  New  York,  $t8,ooo. 

'  Dumble,  op.  cit.,  p.  225. 
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The  Du[Jex  Couffinhal  Machine  of  Blanzy,'  France,  compresses  2  bri- 
weighing  15.4  lb.  with  each  piston  stroke.  With  36  strokes  per  min. 
c^>adty  for  10  hi.  is  318  tons.  A  picture*  of  a  Coufhnhal  plant  is  given  in 
M  of  the  references  on  briquetting. 


Fio.  113. — Fouquemberg  press. 

The  Middleton*  and  Yealdon  presses,*  both  of  English  make,  are  also  double 
oonqntssion  machines,  but  their  compression  tabic  is  upright  and  revolving 
iqwna  horizontal  axis,  while  two  levers,  one  on  a  side,  compress  the  paste 


FlC  114. — Chisholm,  Boyd  and  White  eggette  press. 


to  a  tmquette.  The  briquettes  are  uniform  in  size,  but  are  unequally  com- 
pressed, as  the  effective  force  exerted  depends  upon  the  amount  of  paste  fed, 
and  this  is  likely  to  be  uneven.     Other  makes'  are  given  in  the  foot-note. 

*  C»mfl,  rend.  See.  Ini.  Min.,  1896,  p.  107,  3  drawings. 

*  Cdss.  Mag.,  1896-97,  W,  a6. 

*  Ent.  Mai.,  1910,  XXXIX,  300. 
*Frtibert.  Jahrb.,  1907,  p.  35- 

*Ir»n  At§,  1909,  uoDcni,  Z91  (Hale);  see  also  Wright   (Eng.  Mag.,  19:0,  xxxK,  195), 
Pufccx  [Tr.  A.  I.  M.  £.,  1907,  xxxvui,  581),  Franke  (op.  cU.,  pp.  139-191}. 
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The  Fouquemberg  Press,^  Figs.  112  and  113,  also  called  tangential  or  cir- 
cumferential or  Belgian  press,  makes  oval  briquettes  or  eggettes.  Two 
rolls  containing  on  their  surfaces  oval  cavities  revolve  in  contact  with  one 
another  in  opposite  directions;  the  cavities  in  one  roll  correspond  exactly  witk 
those  in  the  other  so  that  closed  molds  are  formed  as  the  rolls  revolve.  The 
fuel  mixture  fed  into  the  hopper  on  top  is  compressed  in  the  cavities;  the  bri- 
quettes formed  are  discharged  below  on  to  a  small  screen  which  separating  the 
waste  (4-10  per  cent.)  delivers  on  to  a  traveling  belt.  With  pasty  material  a 
pug  mill  takes  the  place  of  the  hopper.  The  rolls  are  driven  by  worm-gean 
running  in  oil;  they  are  steam  heated  if  pasty  material  is  to  be  agglomeiated. 
Depending  upon  the  length  of  the  rolls,  a  machine  will  make  per  hour,  3, 7, 9 
or  1 2  tons  of  eggettes,  weighing  3  to  4  oz.  each.  In  the  Chisholm,  Boyd  and 
White  machine  (Eggette  Press),  Fig.  114,  the  rolls  have  spur-gears  meshing 
with  one  another  between  the  cupped  faces;  one  of  the  spur-gears  is  driven  by  a 
pinion-wheel  keyed  to  the  pulley-shaft.  The  machine  occupies  a  floor-space 
loXs  ^t-i  weighs  10  tons  and  requires  30  h.p.  to  operate  it;  its  capacity  is  5  tons 
of  briquettes  per  hr.  weighing  on  the  average  0.3  lb.  each. 

Other  machines  of  this  type  are  those  of  Bilan,*  Loiseau,'  Mashek,^  New 
Jersey  Briquetting  Co.,*^  United  Gas  Improvement  Co.,*  Renfraw,'  Zimmer- 
mann,*^  Devillers.®  The  cost  of  briquetting  a  ton  of  slack  coal  in  the  western 
part  of  the  United  States  is  given  by  Schorr^  at  $2,166: 

Labor,  inclusive  of  stacking $0. 16 

Oil  and  grease 0.006 

Sundry  stores o.oi 

Steam-fuel 0.04 

Depreciation 0.05 

$0,266 

8  per  cent,  of  pitch  at  $12  per  ton 0.96 

1,840  lb.  of  coal-slack  at  $1  per  ton 0.94 

Total  cost  per  ton  of  briquettes $2 .  166 

According  to  Blauvelt'*  the  cost  at  the  plant  of  the  Solvay  Process  Co.,  and 
the  Semet-Solvay  Co.  at  Detroit,  Mich.,  is 

*  Rev.  Un.  Min.,  1891,  xvi,  161. 

*  Dingier,  Pol.  7.,  1882,  ccxlv,  109. 
»  rr. /1. 7.3/./*:.,  1877-78,  VI,  216. 

*  Iron  Age,  1906,  Lxxvii,  1330. 

*  Parker,  Tr.  A.  I.  M.  E.,  1907,  xxx\iii,  589. 

*  Wright.  Eng.  Mag.,  1910,  xxxix,  207. 
'  Tr.  A.  I.  M.  E.,  1905,  xxxv',  loi. 

■  Tr.  A.  I.  M.  £.,  1910,  XLi,  255. 
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Cost  of  one  ton  of  briquettes 


All  coal 


0.455  ton  coal,  at  $2 

0.925  ton  coal,  at  $2 

0.455  ton  breeze,  at  $1 

9  per  cent,  of  pitch,  at  $8 

7.5  per  cent,  of  pitch,  at  $8. . 
Cost  of  briquet  ting,  as  above. 


Total, 


Equal  parts  of 
coal  and  breeze 


$0 

91 

0 
0 

455 
72 

0 

60 

$2 

68s 

Mashek^  gives  the  operating  cost  at  the  New  Jersey  Briquetting  Co.'s  is-ton 
I^anty  Brooklyn.  N.  Y.,  exclusive  of  fixed  charges  and  coal  dust,  as  92.5  cents 
per  ton  of  briquettes,  viz.,  coal-tar  pitch  44  cents,  labor  12  cents,  fuel  20.5  cents, 
lubricating  oil  i  cent,  running  repair  10  cent6,  re-briquetting  dust  from  briquettes 
5  cents.  Barber*  estimates  the  cost  for  western  America  to  be  $0.87  per  ton 
briquettes  exclusive  of  coal  dust;  labor  exclusive  of  stacking  $0.16,  oil  and  grease 
$0.06,  sundry  stores  $0.01,  steam  fuel  $0.04,  interest  and  depreciation  $0.05, 
pitch  $0.60  (8  per  cent,  mixture,  pitch  $7.50  per  ton). 

Briquetting  sawdust'  and  charcoal*  can  be  mentioned  only  by  name.  Bri- 
quetting of  ores  is  discussed  in  §280. 

112.  Carbonized  Fuels  in  General. — ^The  object  of  carbonizing  a  fuel,  i.e., 
heating  without  or  with  limited  access  of  air,  is  to  separate  the  non-volatile 
from  the  volatile  matter  in  order  to  obtain  a  fuel  of  high  calorific  value  and  strong 
reducing  power,  and  one  that  will  not  alter  its  form  while  it  is  being  burned. 
The  non-volatile  matter  forming  the  charcoal  or  coke  consists  of  fixed  carbon, 
the  ash-giving  constituents  of  the  natural  fuel  and  a  small  amount  of  H,  O  and 
N;  the  volatile  matter  shows  the  greatest  variety  of  composition;  it  can  be  col- 
lected in  part  as  a  liquid,  in  part  as  a  gaseous  by-product  and  utilized.  Carbon- 
izing is  a  heat-consiuning  process  and  therefore  wasteful;  it  will  be  resorted  to 
only  when  charcoal  or  coke,  i.e.,  heating  by  contact,  is  an  absolute  necessity. 
Where  a  flame  will  do  the  work,  the  natural  fuel  will  always  be  used,  barring  a 
few  minor  exceptions. 

'  Iron  Age,  1906,  ixxv,  1332. 

'  The  Engineer,  Chicago,  1906,  xuii,  749. 

»  Berg,  HiiUenm,  Z.,  1896,  lv,  143;  Thonind,  Z.,  1900,  xxiv,  2042;  Jernkont,  Ann.  Bihang., 

1900,  345- 

♦  Eng,  Min.  /.,  1882,  xxiii,  198;  Stahl  u.  Risen,  1894,  xrv,  441;  Iron  Age,  Jan.  30,  1902. 
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113.  Wood-charcoal.^ — Wood  subjected  to  destructive  distillatioii  under- 
goes the  changes  shown  in  Table  98: 


TvVBLE  98. — Temperatures  and  Products  in  the  Destructive  Distillation  of  Wood 


Temperature  of  distillation,  **  C. 


Fixed  matter 


150-230 


230-250 


350  and  over 


Volatile  matter 


Products 


100-150 


150-280 


280-350 


350-430 


Water. 
Torrefied  (browned  wood),  65  per  cent.  C 

Pyrol igneous  acid:  Watery  acid  products. 
Red  charcoal,  73  per  cent.  C. 

Hydrocarbons,  mainly  gaseous. 
Black  charcoal  (400®  C.-80  per  cent.  C,  1500* 
C-  90  per  cent.  C. 

Hydrocarbons,  liquid  and  solid  (tar). 


P  YROLIGNEOUS  AciD  is  dark  red-brown,  has  a  peculiar  empyreumatic  odor  and 
includes  acetic  acid  (C2H4O2)  and  wood  naphtha.  The  latter  contains  beside 
methyl  alcohol  (CH4O),  some  acetone  (CjHeO),  methyl  acetate  (CsHeOOi&nd 
oily  substances;  it  is  worked  for  wood  naphtha  containing  methyl  alcohol  and 
methyl  acetate  to  be  used  in  the  arts,  and  for  wood  vinegar,  the  crude  acetic 
acid.    The  oily  substances  are  burnt  as  fuel. 

The  GASES  obtained  are  a  mixture  of  H2,  CO2,  CO,  CH4,  C2H4,  CeHc  (benzoic) 
and  other  illuminating  CzHy. 

The  TAR  is  composed  of  benzole,  paraffine  (CiiH2i%+s)i  naphthalene  (Ci^s)i 
carbolic  acid  or  phenole  (CeHeO)  which  forms  the  leading  constituten  of  the 
ordinary  creosote,  pyroligneous  acid,  other  liquid,  CxHy,  and  resin.  It  is  used 
raw  for  painting  wood  on  account  of  its  antiseptic  properties',  or  is  distilled  for 
acid  water,  light  oils,  heavy  oils  and  pitch.  Table  99  of  Viollette*  shows  the 
chemical  changes  black  alder  (alder  buckthorn)  underwent  in  destructive  dis- 
tillation. 

ToRREFTED  WOOD  is  a  by-product  in  the  distillation  of  wood  (especially  of 
beech)  for  the  production  of  methyl  alcohol,  acetone  and  creosote.  It  is  usually 
burnt  to  heat  the  retorts. 

Red  charcoal  is  produced  in  the  preparation  of  charcoal  for  the  manufac- 

*  Svedclius,  G.,  Anderson,  R.  B.,  and  Nicodemus,  W.  J.  L.,  "Handbook  for  Charcot! 
Burners,"  Wiley,  New  York,  1875. 

Dromart,  K.,  "  Traite  de  carbonisation  en  forr^ts,"  Lacroix,  Paris,  1880. 
Denz,  F.,  "Die  Holzverkohlung  und  der  KShlercibetrieb/* Perles,  Vienna,  19x0. • 
Klar,  M.,  "Technologic  der  Holzverkohlung,"  Springer,  Berlin,  1910. 
BSrnstcin,  7.  Gasbel.  Wasserversorgung,  1906,  XLix,  648. 

*  Ann,  chim.  phys.,  1851,  xxxii,  322. 
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Material 

Heated  to 
deg.  C. 

c, 

per  cent. 

H, 
per  cent. 

0,  N,  and 

I0R.S, 
per  cent. 

Ash, 
per  cent 

Dried  wood 

150 
260 
280 
320 
340 
432 
1,500-f- 

47.51 
67.85 
72.64 

73-57 
75.20 
81.64 
96.52 

6.12 

504 
4.70 

4.83 
4.41 
1.96 
0.62 

46.29 
26.49 
22.10 
21.09 
19.96 

•    15-25 
0.94 

0.08 

Torrefied  wood 

0.56 

0.57 
0.52 
0.48 

Red  charcoal 

Brown  charcoal 

DuU-black  charcoal 

Lustrous-black  charcoal 

Charcoal    produced    at    ex- 
treme white  heat. 

1. 16 
1.95 

ture  of  black  powder.    According  to  Fernow,^  100  parts  wood  give  26  parts  char- 
coal, 30  pyroligneous  acid  and  water,  7  tar,  37  C02,C0,  CxHy  and  H2O  vapor. 
The  brands,  Le.,  imperfectly  charred  wood,  obtained  in  making  charcoal,  very 
much  resemble  red  charcoal.    They  form  an  excellent  fuel  for  the  slow  warming 
of  a  blast-furnace  crucible. 

Ordinary  charcoal,  when  made  in  the  right  way,  is  black,  lustrous,  hard, 
sonorous,  has  a  glossy  conchoidal  fracture,  soils  the  fingers  only  a  little,  and 
bums  in  small  pieces  without  flame  or  smoke.  If  the  wood  has  been  imperfectly 
charred,  the  color  may  be  brownish,  the  coal  dull  and  soft,  crushing  readily 
between  the  fingers  and  soiling  them;  it  will  often  burn  with  a  flame.  Charcoal 
retains  the  structure  of  the  wood  from  which  it  has  been  made,  it  occupies  a 
smaller  volume  and  often  shows  radial  cracks.  It  is  very  porous,  as  it  consists 
of  a  large  number  of  small  elongated  cells  separated  from  one  another  by  porous 
walls.  This  is  clearly  brought  out  by  the  photomicrograph  of  Thorner,  Fig. 
115,  which  is  a  cross-section  through  spruce  charcoal  having  in  100  g.,  200  c.c. 
cell-spaces  and  61  c.c.  cell-walls.  Juon^  found  in  charcoal  from  birch  74.82 
per  cent,  cell-spaces,  from  pine  79.42  per  cent.,  and  from  spruce  83.45  per  cent. 
The  porosity  of  charcoal  causes  it  to  be  readily  permeable  by  gases.  Accord- 
ing to  the  celebrated  researches  of  Saussure^  in  181 2,  i  vol.  boxwood  charcoal 
absorbs  at  11  to  13°  C,  90  vol.  NH3,8sHCl,  65  SO2,  55X128,40  NO,  35  C2H4, 
35  CO2,  9  CO,  7.5  N,  5  CH4, 1.75  H,  i.e.,  large  volumes  of  gases  that  are  readily 
liquefied.  Later  data  are  those  of  Smith,*  Hunter^  and  Hempel-Vatu.®  Char- 
coal condenses  offensive  vapors,  decolorizes  solutions,  etc. 

It  is  generally  held  that  charcoal  will  absorb  6  to  7  per  cent.  H2O;  this  figure, 

^  Tr.  A,  I.  M,  E.f  1879,  VI,  200. 

*  Stakl  u,  Eisen,  1904,  xxiv,  1233. 

•  Gilbert,  Ann,  Philos.,  1814,  lvii,  113. 
Thomson,  Ann,  Philos.,  1815,  vi,  241,  331. 

*Proc,  Roy.  Soc,  1862-63,  xii,  424. 

»/.  Chem,  SoCf  1865,  xvni,  285;  1867,  xx,  160;  1868,  xxi  186;  1870,  xxm,  73. 

*ZL  EUdrochem.,  191 2,  xvui,  724. 
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however,  is  not  fixed.  It  has  been  shown'  that  it  will  absorb  in  the  first  14  hr, 
after  having  been  drawn,  4  to  8  per  cent.  H3O,  and  in  a  few  days  11  per  cent., 
which  appears  to  be  the  limit.  The  absorbing  power  seems  to  decrease  as  tk 
charring  temperature  rises.  The  apparent  specific  gravity  (charcoal  +  air- 
spaces) for  hard-wood  charcoal  is  0.35  to  0.50,  for  soft-wood  charcoal  o.jo  to 
0.401  the  actual  (truf)  specific  graviiy  nf  ch.vrciial  jiowdt'r  free  from  air  is  1,5  to 


2.0.  Onecu.  ft.  of  charcoal  from  hard  wood  weighs*  14  lb.,  from  pine  wood  81b.; 
the  commonly  accepted  range  is  12  to  13  and  8  to  12  lb.  Charcoal  is  usually 
measured  by  the  bushel.  This  varies'  from  2,250  cu.  in.  in  Marj'land  to  2,844 
cu.  in.  in  Oregon.  It  is  accepted  now  that  a  bushel  shall  be  equal  to  2,748  cu. 
in.  and  that  the  average  weight  of  a  bushel  of  charcoal  is  20  lb.*  Charcoal  is 
a  pKJor  conductor  of  electricity. 

In  storing,  5  per  cent,  is  lost  by  crumbling  and  oxidation.  The  ignition- 
point  rises  with  the  temperature  the  charcoal  has  been  subjected  to ;  thus  Violelle' 
gives  the  data  assembled  in  Table  100. 

The  average  ultimate  composition*  of  charcoal  according  to  Bunle  is  given 
in  Table  101.    The  calorific  power  is  6,000-7,000  cal. 

Table  too.— Relation  of  Chagring  akd  Ignition  Teupkiatures 


Cbarring  teroperalure,  deg.  C 260-180 

IgnitioD  temperature,  deg.  C 340-360 


'^  Foundry,  1896-97,  vni,  143. 

'J.  U.  S.  Assoc.  Chare.  Iron  Workrrs,  iBSj,  HI,  aSfr-jB?. 

*  Foundry,  1900,  xvi,  140. 

*  Tratti.  A.  I.  M.  £.,  1880,  vm,  384. 
*Ahh.  ckim.  fkys..  1853,  xxxk,  323. 

*  Analyses  of  Charcoal,  /.  V.  S.  Assoc.  Chore.  Iron  Workers,  i 
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Table  ioi.— 

-Ultimate  Composition  op  Charcoal 

k 

Condition 

C 

H 

0 

Ash 

H,0 

Air-dry 

• 

84. 5 
91  3 

2.5 
2.7 

4.3 
4-8 

1.2^ 
I.2» 

7.5 

Water-free 

»   J 

114.  Charring  in  General. — The  woods  commonly  used  for  making  charcoal 
are  the  evergreens:  spruce,  pine,  fir,  larch,  and  the  deciduous  trees,  oak,  beech, 
ash,  elm,  birch.  The  yield  depends  much  upon  the  kind  of  tree.  Thus  Vio- 
lette*  charring  at  300°  C.  72  varieties  of  wood  dried  at  150**  C.  found  the  per- 
centage by  weight  to  range  between  30.86  (horse-chestnut)  and  62.80  per  cent, 
(ebony),  and  Bull'  in  testing  woods  ordinarily  used  in  cHarring  obtained  from 
dry  wood  19  (white  birch,  American  hornbeam)  to  25.74  (white  ash)  per  cent, 
by  weight  of  charcoal.  Trees  of  medium  age  are  preferred  to  young  and  old 
trees,  as  they  give  a  denser  and  harder  charcoal.  According  to  Scheerer*  the 
best  charcoal  is  obtained  from  red  and  white  beech  when  120  years  old,  from 
pine  at  80  to  100,  spruce  at  70  to  80,  fir  at  60,  larch  at  50,  oak  at  50  to  60,  elm 
at  20  to  30,  alder  at  18  to  20,  birch  at  20.  Stem- wood  half  air-dried  (cut  in 
winter,  stacked,  air-dried  in  summer)  and  charred  in  the  fall  gives  the  densest 
charcoal;  damp  wood  is  difficult  to  kindle;  dry  wood  makes  much  waste;  rotten 
wood  unsound  charcoal.  The  wood  is  usually  cut  into  4-ft.  lengths  and  split  if 
over  6  in.  diam.  The  yield  depends  not  only  upon  the  kind  and  quality  of 
wood,  but  also  upon  the  time  given  to  charring.  The  21  tests  of  Karsten*  on 
different  kinds  of  air-dried  wood  gave  the  facts  shown  in  Table  102. 

Table  102. — Effect  of  Time  of  Charring  upon  the  Yield  of  Charcoal 


Charring 


Quickly. 
Slowly. . 


1 

Charcoal,  per  cent. 

Minimum 

12.2 

(old  birch) 

24.  2 

(lime) 

Maximum 

16.225 
(young  spruce) 

27.7 
(young  spruce) 

Average 

14.4 
25.6 

Quick  charring  at  an  elevated  temperature  is  thus  seen  to  decrease  the  yield 

*  The  percentage  of  ash  is  nearer  3  than  i. 

*  Stohmann-Kerl,  op.  cit.,  p.  304. 

'7.  U.  S.  Assoc.  Charcoal  Workers,  1882,  in,  93. 

^**Lehrbuch  der  Metaliurgie,"  Vicwcg,  Brunswick,  1848,  p.  212. 

•"System  der  Metaliurgie,"  Reimer,  Berlin,  1831,  Vol.  in,  p.  34. 
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• 

of  charcoal  and  to  increase  the  amount  of  volatile  matter;  the  reverse  is  the  case 
with  slow  charring.  Quick  charring  will  be  practised  in  chemical  plants  in  wM 
the  volatile  matter  is  the  main  product.  The  reason  for  this  diflFerence  inyidd 
is  that  volatile  matter  is  still  being  evolved  after  some  charcoal  has  been  formed, 
and  acting  upon  the  glowing  coal  forms  CO,  COj  and  H.  With  slow  charring, 
at  least  most  of  the  H2O  will  have  been  driven  off  before  the  temperature  has 
risen  to  the  charring  stage.  Charcoal  charred  too  quickly  is  light;  if  the  tem- 
perature is  too  low,  the  charcoal  will  remain  too  rich  in  volatile  matter. 

Charring  is  carried  in  heaps,  stalls  and  retorts. 

115.  Charring  in  Heaps^  (Meilers,  Moimds). — ^This,  formerly  the  leading 
method  of  operating,  is  at  present  confined  in  the  United  States  to  the  produc- 
tion of  charcoal  for  domestic  use.  In  charring  by  this  method,  cord  wood  is 
stacked  to  form  a  slightly  conical  pile  and  covered  with  sods,  sand,  breeze,  etc, 
to  protect  it  from  direct  contact  with  air.  The  pile  is  ignited  at  the  center,  the 
admission  of  air  is  regulated  in  such  a  manner  by  holes  punched  into  the  cover 
that  the  combustion  shall  be  just  sufficient  to  do  the  charring.  The  plan  of  work 
is  to  have,  (i)  the  air  entering  the  heap  pass  as  much  as  possible  through  fresh 
to  charring  wood;  (2)  to  remove  the  products  of  imperfect  combustion  in  a 
manner  to  prevent  their  coming  in  contact  with  charred  wood,  and,  (3)  to  char 
slowly  in  making  furnace  charcoal. 

The  site  for  a  heap  should  be  near  the  wood-supply;  it  must  be  well  sheltered, 
have  plenty  of  water,  and  permit  easy  transportation  of  wood  and  charcoal. 

The  ground  for  building  must  be  firm,  even,  dry  and  slightly  porous.  Cold, 
moist,  impermeable  soil  makes  charring  impossible;  porous,  sandy  ground 
admits  too  much  air  and  causes  an  excess  of  breeze.  Suitable  groimd  is  cleared 
and  covered  with  about  i  ft.  of  breeze  tamped  down  firmly;  if  breeze  is  not  avail- 
able, leaves,  straw  or  similar  material  takes  its  place.  Unfavorable  ground  can 
be  made  suitable  by  raising  it  9  to  12  in.  with  stones  and  sticks,  and  tamping 
down  firmly  sand  and  earth;  if  need  be,  it  is  drained  by  a  shallow  ditch.  The 
center  of  the  floor  is  usually  made  6  in.  higher  than  the  rim.  An  old  floor  works 
better  than  a  new  one. 

A  heap  is  16  to  26  ft.  in  diam.,  10  to  16  ft.  high  and  holds  14  to  28  cords  of 
wood. 

Erection  of  Heap. — In  erecting  a  circular  or  standing  heap.  Figs.  116  to 
120,  three  stakes,  Fig.  116,  are  driven  into  the  ground  to  form  the  comers  of  a 
triangular  chimney;  they  are  secured  in  their  positions  by  cross  pieces  or  by  a 
central  block.  Sometimes  a  square  chimney  takes  the  place  of  the  usual  trian- 
gular form.  On  the  bottom  of  the  chimney  are  placed  a  few  dry  boards  to  form 
a  temporary  grate  for  the  kindling. 

In  some  heaps  a  single  post  is  driven  into  the  center  of  the  bed  to  take  the 
place  of  the  chimney.  If  the  heap  is  small,  the  post  may  be  pulled  after  the 
wood  has  been  stacked;  with  large  heaps  it  has  to  be  burnt  out.  For  this  pur- 
pose a  radial  channel  is  built  along  the  floor,  Fig.  119,  by  means  of  a  log,  reach- 

*  Bergstrom,  Jernkont.  Ann.,  1904,  XLix,  207. 
Denz,  F.,  "Die  Holzverkohlung  und  der  Kohlcreibetrieb,"  Perles,  Vienna,  xgxa 
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mg  [roni  the  center  to  the  periphery,  which  is  removed  when  the  heap  has  been 
built  Through  this  channel  the  wood  (kindling,  brands)  piled  around  the  base 
o(  the  post  is  readily  ignited. 

The  cord  wood  is  now  stacked  around  the  central  chimney  or  post  in  one  of 
twoways.  With  vertical  heaps,  Figs,  ii6  and  117,  it  is  stacked  upright  with 
the  edges  facing  the  center  and  the  thicker  ends  resting  on  the  bottom;  the 
inuer  sticks  are  placed  vertically,  the  others  with  a  slight  inward  slant.  On 
top  of  the  first  row  of  sticks  follows  a  second  one  similarly  arranged. 


Fics.  116  to  120. — Standing  circular  heaps. 

With  horizotU<^  heaps,  Figs.  118  and  iig,  the  sticks  are  stacked  in  horizontal 
radial  layers,  their  thicker  ends  pointing  outward;  a  few  brands,  or  other  material 
which  is  readily  ignited,  are  placed  vertically  around  the  center  to  assist  the 
kindling.  In  both  cases,  the  heavier  wood  goes  toward  the  center;  it  is  packed 
closely  to  leave  open  as  few  spaces  as  possible,  which  are  dosed  with  small  sticks. 
The  top  of  a  heap  is  covered  with  small  wood  placed  horizontally  and  radially, 
and  is  thus  rounded.'    The  heap  is  now  ready  to  receive  its  cover. 

The  cover  is  made  up  of  two  layers.  The  inner  layer,  4  to  6  in.  thick,  con- 
93ts  of  sods  beaten  down  with  a  shovel  with  the  grassy  side  inward  that  the  roots 
pointing  outward  may  give  support  to  the  outer  layer.  Or,  the  heap  is  encircled 
with  branches  or  marsh-hay  and  then  covered  with  leaves,  moss,  etc.  The 
outer  layer  is  earth  or  sandy  loam  mixed  with  breeze  spread  to  a  thickness  of 
4  to  6  in,,  the  thicker  part  being  near  the  top.     With  breeze  alone,  the  layer 

'  niuitntion.  Foundry,  1896,  vin,  141;  Pacific  Coast  Miner,  1904,  Dt,  155- 
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may  have  to  be  8  to  1 2  in.  thick.  The  cover  may  reach  to  within  6  in.  from  the 
ground,  Fig.  116  (the  open  ring  to  be  closed  later),  or  down  to  the  ground,  Fig. 
120,  in  which  case  holes  are  punched  into  it  near  the  base  to  furnish  the  air  the 
necessary  means  of  access. 

In  order  to  prevent  the  cover  from  slipping  to  the  ground,  crutches.  Fig.  116, 
are  put  in  place,  or  small  stone  pillars  are  erected. 

Lighting. — The  central  chimney,  Fig.  116,  is  filled  with  kindling,  or  the 
horizontal  log,  Fig.  119,  is  withdrawn  to  permit  igniting  the  center-post.  Fig.  118. 
A  clear  day  is  desirable  for  lighting,  as  on  a  dull  or  wet  day  the  fire  is  likely  not 
to  start  well.     The  heap  is  usually  fired  early,  say  2  a.  m.,  as  the  first  stage  of 
the  process  requires  much  attention.     If  the  heap  has  a  chimney,  kindling  is 
ignited,  thrown  into  it,  and  the  fire  kept  going  by  feeding  small  wood;  if  it 
has  a  center-post,  kindling  is  fastened  to  a  long  stick,  ignited  and  brought 
through  the  flue  along  the  bottom  to  the  base  of  the  post  which  bums  leaving 
a  small  chimney.     In  whichever  way  the  heap  has  been  lighted,  the  fire  is  kept 
going  until  a  strong  flame  has  been  issuing  forth  from  the  top  of  the  heap  for 
45  to  60  min.,  when  the  center  is  considered  to  have  been  satisfactorily  kindled. 
The  opening  at  the  top  is  now  securely  covered  with  sods  and  earth,  and  the 
horizontal  flue  closed,  if  there  was  any. 

Two  stages  are  distinguished  in  the  process,  that  of  sweating  and  of  charring. 

Sweating  Stage. — In  the  sweating  stage,  the  heat  generated  by  the  burn- 
ing of  the  wood  in  the  chimney  vaporizes  the  H2O  and  begins  to  set  free  the 
V.H.-C.  of  the  sticks  close  to  it.  The  vapors  will  escape  near  the  top,  if  open- 
ings have  been  left  for  them  to  pass  off;  or  near  the  bottom,  if  the  cover  does 
not  reach  to  the  ground.  In  either  case,  fumes  will  pass  off  through  the  cover 
which  becomes  moist;  it  sweats.  The  V.H.-C.  set  free  at  first,  may  form  ex- 
plosive mixtures  with  the  air  of  the  open  spaces  in  the  heap  and  blow  out  parts 
of  the  cover.  Such  explosions  may  be  expected,  if  the  wood  was  too  dr>'  or  in 
too  small  pieces,  as  this  would  cause  the  fire  to  progress  too  rapidly  and  the  tem- 
perature to  rise  too  quickly.  If  the  wood,  however,  was  half  air-dried  and  of 
normal  length,  sufficient  water-vapor  will  be  evolved  to  dilute  the  gases  and 
render  the  mixture  harmless.  Later  on  in  the  process,  when  most  of  the  HiO 
has  been  driven  off,  the  amount  of  air  allowed  to  enter  is  too  small  to  make  an 
explosive  mixture;  further,  it  enters  at  the  bottom  while  the  gases  and  vapors 
pass  off  at  or  near  the  top.  The  vapors  at  the  beginning  of  the  sweating 
stage  are  whitish,  they  then  turn  yellow,  become  dense  and  gradually  change 
to  a  light-gray,  when  the  sweating  stage  is  over,  having  lasted  from  18  to  24 
hr.  Now  the  hollow,  "sink,"  in  the  center  has  to  be  filled,  as  the  sucking-in  of 
air  at  that  point  would  interfere  with  charring.  The  cover  is  removed,  the 
chimney  filled  with  sticks,  brands,  breeze,  the  whole  rammed  down  tightly, 
and  the  cover  replaced  and  beaten  or  trodden  down  firmly.  Any  crevices  in  the 
cover  are  closed  and  any  hollows  in  the  heap,  discovered  by  probing  with  a  pole, 
are  filled.  If  the  cover  did  not  extend  to  the  ground,  the  open  space  is  closed 
with  sods,  loam,  breeze  .  .  . 

Charring  Stage. — The  cover  having  been  repaired  and  made  nearly  imper- 
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xious  to  air,  the  heap  is  left  to  itself  for  from  a  to  4  days.  Air  enters  mainly  at 
the  foot,  rises  through  uncharred  wood  and  near  the  center  comes  in  contact 
with  charring  wood.  It  may  be  necessary  to  punch  a  few  vent-holes  to  draw 
the  fire  to  a  part  in  which  the  charring  did  not  proceed  as  rapidly  as  it  did  in 
others,  the  difference  being  recognized  by  the  smaller  shrinkage.  The  products 
of  imperfect  combustion  pass  off  through  the  cover,  and  perhaps  these  vent-holes. 
The  cover  of  the  part  that  charred  too  quickly  will  have  to  be  made  thicker;  it 
may  be  necessary  to  sprinkle  it  with  water.  Toward  the  fourth  day  the  central 
portion  of  the  heap  will  have  been  charred  to  the  form  of  an  inverted  cone.  Fig. 
no.  In  order  to  draw  the  fire  outward  and  downward,  a  horizontal  row  of  holes 
about  I  in.  in  diameter  is  punched  4  to  6  ft.  apart  and  about  5  ft.  above  the 
ground,  i.e.,  above  the  bottom  layer  of  wood.  First,  white  vapors  will  escape 
through  the  holes,  then  yellowish-gray  smoke,  and  lastly  colorless  gas;  gases 
becoming  lead-colored,  show  that  charcoal  is  being  burnt  by  air  entering 
through  crevices  in  the  cover.  The  temperature  of  the  issuing  volatile  matter 
is  230  to  260°  C.  When  colorless  ga.ses  pass  off  through  the  first  row  of  vent- 
holes,  these  are  closed  and  a  second  row  half-way  down  made;  by  means  of  a 
third  row  finally  the  fire  is  drawn  to  within  6  in.  of  the  ground.  In  order  to 
insure  complete  charring  of  the  wood  on  the  floor,  this  row  is  kept  open  until  a 
flame  issues  as  otherwise  the  wood  would  be  only  half-charred  or  simply  browned. 
The  dense  vapors  from  a  vent-hole  gave  Ebelmen'  per  liter  i  g.  HjO  and  tar,  the 
light  vapors  0.5  g.*  The  gases  drawn  from  a  vent-hole,  with  the  vapors  pass- 
ing off  abundantly,  were  whitish,  had  the  composition  o.  Table  103;  this  changed 
to  b  when  they  were  passing  off  sparingly,  and  were  bluish  to  colorless.  The 
values  a'  and  b',  representing  the  percentage-composition  with  N  omitted, 
show  that  COt  and  CO  diminish  as  the  charring  progresses,  COj  more  quickly 
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tfaut  CO,  and  that  H  increases.  As  the  heap  shrinks  and  settles  from  15  to  25 
per  cent.,  it  is  necessary  at  intervals  lo  press  down  tightly  the  cover  by  stamp- 
ing with  the  feet  or  by  beating  w*ilh  a  wooden  hammer,  to  close  up  hollows  that 
would  otherwise  form;  occasional  probing  with  a  stick  for  hollows  is  necessary. 
The  shrinkage  of  the  heap  combined  with  the  hardening  of  the  cover  often  causes 
breaks  in  the  cover  which  have  to  be  closed.     If  the  cover  becomes  sufficiently 


'  Ann.  Uiti.,  tSti,  m.  )74. 
•  Recover)'  (j(  By'pruducli,  s 
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hard  and  strong  (shaly)  so  as  not  to  follow  the  shrinking  wood,  it  has  to  be 
broken  into  and  then  repaired. 

Drawing  of  Charcoal. — When  the  charring  is  finished,  the  heap  is  covered 
with  moistened  loam  to  cool  it  and  to  smother  the  fire.  In  a  day  or  two  an 
opening  is  made  into  the  cover  at  the  base,  logs  of  red-hot  charcoal  are  drawn  out 
with  a  heavy  iron  rake  and  quenched  with  water  or  buried  in  damp  sand  or 
breeze.  When  the  air  begins  to  act  too  energetically  upon  an  exposed  part,  this 
is  covered,  and  a  new  opening  made.  Drawing  is  thus  continued  until  the  he^ 
has  been  pulled  down. 

Three  grades  of  charcoal  are  obtained:  (i)  Well-burnt  hard  coal  from 
the  size  of  a  billet  to  small  pieces;  (2)  over-burned  soft  coal  from  near  the  chim- 
ney, and  (3)  under-burnt  brands,  especially  from  near  the  floor.  Billets  and 
middle-size  are  separated  by  forking  (prongs  i  in.  apart)  from  the  fine  coal;  the 

former  goes  to  market,  .the  latter  forms 
Heap  u  e'  Vi" wide  _     n__  breeze,  or  brands  which  are  to  go  into  the 

next  heap. 

Results. — ^A  heap  16  to  26  ft.  diam., 
10  to  16  ft.  high,  holding  14  to  28  cords  of 
wood,  burns  7  to  12  days.  The  yield  by 
volume  is  50  to  60  per  cent,  of  the  wood 

Holds  about  4  Cords  of  Wood.  ^^^^^  ^^^   ^   ^^^^  ^^^  ^^  ^^  ^^  bushck;* 

Fig.  121.— Rectangular  or  lying  heap,     by  weight  it  is  22  to  23  per  cent.     The 

calorific  value  of  the  charcoal  is  60  per 
cent,  of  that  of  the  wood  used.  * 

Estimates  of  costs  of  charring  in  heaps  range  from  2.1  to  5.0  cents  per  bushel 
of  charcoal.* 

Rectangular  or  lying  heaps.  Fig.  121,  are  built  in  parts  of  Silesia,  Austria 
and  Sweden.  They  are  oblong:  the  wood  is  piled  as  in  cording.  Such  a  heap, 
e.g.,  will  be  3.5  ft.  high  at  the  lower  and  7  ft.  at  the  upper  end;  it  will  be  about 
25  ft.  long  and  6.5  ft.  wide.  It  is  covered  with  sods  and  breeze  as  are  standing 
heaps.     Details  are  given  by  Karsten*  and  Percy. '^ 

116.  Charring  in  Stalls  (Kilns). ^ — Replacing  the  movable  cover  of  the  heap 
by  a  permanent  structure  of  masonry  gives  the  closed  stall  used  for  charring 
wood.  In  Europe  stalls  are  in  operation  mainly  in  Scandinavia^  and  the  Ural 
Mountains;*  in  the  United  States  they  are  used  almost  exclusively  where  much 
charcoal  is  produced,  e.g.,  in  the  smelting  of  charcoal  iron,  while  heaps  are  of 

» Egleston,  Tr.  A.  /.  M.  £.,  1880,  viii,  374. 

'  One  bushel  equals  2748  cu.  in. :  J.  U.  S.  Assoc.  Charcoal  Iron  Workers,  1880-81,  n,  128, 256 

•/.  U,  5.  Assoc.  Charcoal  Iron  Workers,  1885,  vi,  207. 

*"  System  dcr  Metallurgic,"  Vol.  m,  p.  71. 

*"FueI,"p.  377. 

•  Egleston,  Tr.  A.  I.  M.  E.,  1880,  viii,  373. 

Jernkont.  Ann.,  1905,  LX,  600;  op.  cit.,Bihang,  1906, 11,  p.  61. 
^  Jernkont.  Ann.,  1904,  1905. 

•  Gouvy,  M6m.  Soc.  Ing.  Civ.,  1901,  i,  728. 

Juon,  Stahl  u.  Eisen,  1904,  xxiv,  1230;  Heck,  op.  cit.,  1906,  xxvi,  193;  1907,  xxvn,  753, 
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secondary  importance.  The  latter  have  been  discussed  with  more  detail  than 
their  restricted  use  appears  to  call  for  because  the  different  stages  in  charring 
can  be  made  clearer  with  heaps  than  with  stalls. 

StaUs  are  rectangular,  cylindrical  or  conical;  volatile  constituents  either  go 
to  waste  or  are  recovered  as  by-products;  stalls  are  run  intermittently  or  con- 
tinuously. A  stall  has  a  stone  foundation  which  often  is  laid  in  cement;  the 
floor  is  a  clay-mixture  tamped  down  firmly;  the  walls  are  of  red  brick  laid  in 
lime,  occasionally  in  clay  mortar;  they  are  whitewashed  on  the  outside  to  make 
them  air-tight  and  to  aid  in  disclosing  any  leaks. 

A  RECTANGULAR  STALL,  Figs.  122  and  1 23,  is  a 
brick  chamber  40  to  50  ft.  long,  12  to  18  ft.  wide 
and  12  to  18  ft.  high  to  spring  of  arch  which  has  a 
rise  of  about  5  ft.  In  the  end-walls  are  two  doors 
with  air-holes,  in  the  side-walls  three  rows  of  vent- 
holes,  12  in.  apart  vertically  and  16  in.  horizontally, 
to  be  closed  by  loose  brick.  The  side-walls,  15  in. 
thick,  are  strengthened  by  buttresses  and  braced  by 
buckstays  and  tie-rods.    A  stall  holds  from  55  to 
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Figs.  122  and  123. — 
Rectangular  stall. 
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Fig.  1 24. — Circular  stall. 


90  cords  of  wood.  The  drawback  of  this  stall  is  the  difficulty  of  keeping  the 
long  side-walls  air-tight.  This  is  overcome  to  some  extent  by  the  circular 
stall. 

Circular  Stall  (Fig.  124). — This  is  26  to  28  ft.  diam.,  12  ft.  high  to  spring 
of  arch  which  has  a  rise  of  6.5  ft.  The  sides  are  braced  by  broad  iron  bands. 
The  stall  has  a  rectangular  C  door  with  air-holes  on  the  ground  level,  a  circular 
one  in  the  roof,  and  three  rows  of  vent-holes.  It  holds  about  50  cords  of 
wood. 

Conical  Stall. — This  stall,  Figs.  125  and  126,  is  26  to  30  ft.  diam.  at  the 
base  and  20  to  28  ft.  high.  The  walls  have  sufficient  batter  so  as  not  to  require 
any  bracing,  and  remain  air-tight  longer  than  the  preceding  two  forms.  There 
are  two  doors,  5  ft.  sq.,  built  in  iron  frames;  the  one  at  the  front  on  the  floor  has 
air-holes,  the  other  generally  at  the  back  and  near  the  top  is  solid;  the  3  rows 
of  vent-holes  often  are  of  cast-iron.  The  cord-wood  is  charged  in  horizontal 
layers  around  a  central  space  serving  as  chimney;  sometimes  there  is  left  open 
along  the  floor  a  horizontal  kindling  flue.     The  wood  is  packed  closely  and  any 
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open  spaces  are  carefully  filled  with  sticks  and  brands.  The  mode  of  charring 
is  similar  to  that  in  a  heap.  The  wood  is  kindled  from  the  central  chimney  or 
through  the  channel  along  the  floor,  and  the  fire  is  drawn  outward  and  downward 
by  means  of  the  vent-holes,  the  necessary  air  entering  through  the  holes  in  tbe 
lower  door.  When  the  central  part  of  the  wood  has  been  well  kindled,  and  tbe 
upper  door  closed  and  luted,  bricks  are  placed  in  the  two  lower  rows  of  vent- 
holes.  The  smoke  issuing  from  the  upper  row  will  be  white  for  several  days, 
then  turn  yellow  and  finally  become  light-gray  to  colorless.  The  upper  rowd 
holes  is  now  closed  and  the  middle  one  opened;  later  follows  the  lower  one,  and 
when,  in  6  to  I o  days  after  kindling,  the  smoke  from  the  lower  holes  has  become 
Ught-colored  to  blue,  the  charring  is  finished.  The  lower  holes  are  now  dosed, 
and  the  stall  is  allowed  to  cool  for  four  to  six  days.    The  time  of  cooling  can  be 


Figs.  125  and  126. — Conical  stall. 
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Figs.  127  and  128. — Charring  plant  of  the 
Cleveland  Clifif  Iron  Co.,  Gladstone,  Mich.  Z), 
Kindling  door;  E,  flue;  F,  stack;  G,  flue  leading 
to  chemical  plant;  U^  damper;  /,  lid  to  close 
stack. 


reduced  one-half  by  spraying  water  on  the  inside,  but  only  at  the  expense  of  the 
quality  of  the  charcoal  and  the  life  of  the  furnace. 

It  takes  four  to  six  men  to  charge  a  35-  to  45-cord  stall  in  one  day;  charring 
lasts  six  to  ten  days,  cooling  four  to  six  days;  one  man  will  watch  six  to  ten 
stalls  in  a  12-hr.  shift;  two  men  discharge  a  stall  in  one  day;  i  cord  wood  yields 
45  to  50  bushels  of  charcoal. 

By-product  Recovery. — The  stalls  used  with  a  partial  recovery  of  by-pro- 


ducts  usually  have  the  form  shown  in  Figs.  117  and  118,  i.e.,  they  are  drculi 
plan;  the  side  wall  has  some  batter  to  withstand  any  outward  thrust  and  ia 
tied  with  heavy  iron  bands.    The  vent-holes  are  dosed,  and  the  gases  and  \apo; 
are  sucked  off  by  means  of  a  fan  through  branch  flue  E  and  stack  F  into  the  mai 
flue  G  which  leads  them  to  the  condensation  (chemical)  plant.     Some  stalls, 
t.%.,  those  of  the  Ashland  Iron  and  Steel  Co.,  Ashland,  Wis.,'  used  to  have 
fireplace  beneath  the  floor  to  assist  in  kindling  and  heating  the  wood  on 


The  plant  of  the  Cleveland  Cliff  Iron  Co.,'  shown  in  Figs.  127  and  128, 
sists  of  two  rows  of  30  stalls,  represented  in  vertical  section  in  Fig.  124. 
trestle-work  T  carries  the  track  on  which  the  timber-cars  arrive;  beneath 
run  small  cars  S  for  carr>'ing  the  charcoal  buggies  V,    The  volatile  matter  is 
carried  off  through  the  branch-flue  £,  chimney  F  and  connecting  flue  H  into  the 
wooden  gas-main  G  leading  to  the  chemical  works,  3,000  ft.  away, 

The  stall,  shown  in  section  in  Fig.  124,  has  a  capacity  of  60  cords  of  wood, 
principally  maple  and  beech  cut  into  4-ft.  lengths,  split  into  pieces  6  to  7  in. 
thick,  and  seasoned  eight  to  nine  months.  Slicks  under  3  in.  are  not  used.  In 
filling,  there  is  first  placed  on  the  floor  a  wood  grating  made  up  of  rows  4  ft. 
apart,  the  sides  facing  the  door.  Next  come  the  regular  layers  placed  at  right 
angles  to  the  grating.  Charging  is  begun  from  the  lower  and  finished  from  the 
upper  door.  All  open  spaces  are  well  filled  with  sticks  and  brands.  When  a 
stall  has  received  its  charge,  doors  B  and  C  are  closed  and  luted,  lid  /  is  removed 
from  the  chimney  F,  damper  II  having  been  lowered  when  the  preceding  charge 
was  ready  to  be  drawn.  Kindling  is  introduced  through  D,  ignited  and 
fire  allowed  to  bum  for  from  2  to  3  hr. ;  the  opening  D  is  closed  while  the 
ney  P  is  left  open  until  the  gases  are  rich  enough  in  V.H.-C.  to  be  turned  into  the 
condensation  plant,  i.e.,  after  from  4  to  5  hr.  with  dry  and  from  10  to  12  hr.  with 
wet  wood.  Lid  /  is  now  replaced  on  chimney  F  and  damper  H  raised.  Char- 
ring lasts  six  to  eight  days,  cooling  five  to  six  days  without  watering;  the  charge 
shrinks  to  8  ft.  from  the  crown  of  the  arch;  charging  requires  54  hr.,  and  discharg- 
ing 36  hr.  The  60  cords  of  wood  charged  yield  six  cords  (10  per  cent.)  brands, 
48  bu.  charcoal,  joo  gal.  acid  liquor  with  a  per  cent,  methyl  alcohol,  350 
lb.  tar,  12,000  cu.  ft.  gas.  Charcoal  >  i  in.  in  size  goes  to  the  blast-furnace, 
smalls,  <  I  in.,  lo  the  Ixiilers.  The  gases  and  vapors  from  the  two  rows  of  stalls 
are  drawn  by  means  of  two  fans  through  condensers  which  liquefy  the  tar  and 
add  liquor,  while  the  non-condensed  gas  is  burnt  under  the  boilers.  Tne 
general  scheme  of  treatment  is  given  in  the  accompanying  tree.* 

■  SlaU  u.Eiifn,  1896,  wi,  166;  Bert. "'  Otillenm.Z.,  1S96,  LV,  266;  Jtmkonl.  Ann.,  BUmni, 


taUs,^^H 
th  ff"^^ 


large  ^h 
I  thfl^H 


1007.* 


i6s. 


'  lf«H  Trade  Review,  Jan.  1,  iSqS;  Iron  Age,  Jan.  34,  1901;  Min.  World,  1906,  xxv,  10. 

PUm  of  Iron  Dale,  Mich.,  Irim  Trade  Ret.,  1907,  xli,  463. 
'  DctoiU  of  treatment:  S.   P.  Sodtler,  "Handbook  of  lodutlriul  Organic  Chemistry," 
Uppincoll,  Philadelphia,  igii. 

Kkr,  M.  N.  "Tecbaologie  der  Holzvcrkoblung,"  Springer,  Berlin,  1910. 
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15  wooden  condensers 
{SXS  in.,  IS  in.  high) 
(3  rows  of  5  with  copper  water-circulating 
tubes,  1 2  ft  long  X 1/2  in.  out.  diam.) 


Gas 

I 

boilers 


Tar 

I 
boilers 


Acid  liquor 

2  wooden  lime-neutralizing  tanks  (10  ft 
diam.,  2  ft.  high)  with  hand  stirrers 

2  wooden  settling  tanks  (10  ft  diam., 
6  ft.  high) 


Some  heavy  oils 


Waste 


Clear  neutral  ace- 
tate of  lime 
solution 


Evaporate  to  gray 
acetate  of  lime 


Market 


Tar  and  acid  liquor 


2  wooden  settling  tanks  (10  ft.  diam. 
6  ft  high) 


Acid  liquor 


4  wooden  storage  tanks 
(12  ft  diam.,  6  ft  high) 


Distniation  I 
(10  common  copper  stills,  9  ft  diam., 

7  ft  high) 


I 
Distillate 

(4  to  5  per  cent  methyl  alcohol) 


DistiUation  n 
(Column  rectifying  apparatus) 


Residue 


Waste 


— I 

distillate 


(40-50  per  cent 
methyl  alcohol) 


Distillation  III 


I 
Low  spirit  liquor 


Distillation  II 


! 

Distillate 

I 

Methyl  alcohol 
97 -h  per  cent,  pure 


The  charcoal  plant  of  Pioneer  Furnace  No.  2,  Marquette,  Mich.,^  has  a 
battery  of  86  stalls  of  80  cords  capacity  arranged  in  two  double  rows,  each  of 
which  flanks  the  sides  of  standard  railroad  trestles. 

Continuous  Kilns. — All  the  kilns  so  far  described  work  intermittently. 
Ljundberg^  has  constructed  a  continuous  stall  which  consists  of  blocks  of  four 

^Lahe  Superior  Min.  Inst.^  1903,  DC,  89-91,  plan  of  works;  Eng,  Rec.  1907,  LVi,  411. 

^  Jernkont.f  1897,  311;  transl..  Iron  Age,  July  28,  1898;  Tr.  A.  I.  M.  E.,  1898,  xxvm,  103, 
814;  Eng.  and  Min.  /.,  1898,  Lxvi,  309;  Colliery  Guardian,  1897,  Lxxiv,  1116;  Berg.  HUtttHm, 
Z.,  1898,  LVII,  330. 
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chambers  connected  with  one  another  in  which  the  operations  of  charging,  dry- 
ing, preliminary  and  final  charring  are  carried  on  successively.    The  gases 
from  the  chamber  for  final  charring  are  burnt  in  that  for  preliminary  charring, 
and  its  products  of  combustion  pass  through  the  drying  chamber  to  the  fan  fur- 
nishing the  draft.    Figs.  129  to  131  represent  two  blocks  with  chambers  Nos. 
I  to  4  and  5  to  8.    The  wood,  of  a  length  equal  to  the  width  of  the  chamber,  is 
charged  by  means  of  a  differential  pulley,  suspended  from  a  traveler  niimiDg 
on  an  overhead  track,  and  the  charcoal  discharged  at  the  sides  through  doors 
m  and  n,  each  consisting  of  three  castings  so  as  to  be  light  and  easy  to  manipu- 
late.   The  inclined  bottom  of  a  chamber  is  trough-shaped,  that  the  condensed 
water  (30  per  cent,  of  that  of  the  wood)  may  collect  and  flow  off  at  the  center. 
Below  the  bottom  there  are  on  one  side  two  fireplaces  c  and  (f,  on  the  other  two 
flues  e  and/;  the  products  of  combustion  from  the  fireplaces  enter  the  chamber 
through  the  ports  g  and  ky  and  after  circulating  through  the  wood  pass  off  through 
similar  ports  i  and/  into  flues  e  and/  from  which  they  are  directed  by  means  of 
water-seal  valves  either  into  the  adjoining  fireplaces  c  and  d  or  toward  the  main 
flue  /.    The  necessary  draft  is  furnished  by  a  suction  fan.    Let  us  suppose  the 
stall  to  be  in  operation,  and  the  final  charring  to  be  carried  on  in  chambers  i  and 
5.     Their  fireplaces  will  be  cold,  but  their  hot  gases  will  be  directed  under  the 
grates  of  the  preliminary  charring  chambers  2  and  6  on  which  wood  is  being 
burnt.     The  gases  from  2  and  6  will  dry  and  warm  the  wood  in  chambers  3  and  7, 
no  fire  being  maintained  on  their  grates.     Cooling  and  discharging  of  charcoal 
followed  by  filling  with  fresh  wood  will  take  place  in  chambers  4  and  8.    When 
after  five  days  the  final  charring  in  chambers  i  and  5  is  finished,  they  are  cutoff, 
cooled,  discharged  and  refilled,  which  takes  four  days.     The  several  operations 
are  advanced  one  number  as  shown  in  Table  104. 


Table  104. — Order  of  Operations  in  Ljunberg  Continuous  Stall 


Final  charring 


I 
2 

3 
4 


5 
6 

7 
8 


Preliminary 
charring 


2 

3 
4 
5 


Warming 
and  drying 


Cooling,  dis^ 
charging  and 
filling 


6 

3 

7 

4 

8 

7 

4 

8 

5 

I 

8 

5 

I 

6 

3 

I 

6 

3 

7 

3 

The  gases  from  chamber  8  pass  to  chamber  i  through  flue  0.  As  cooling 
discharging  and  filling  takes  only  four  hours,  six  hours  are  given  to  warming  anc 
drying.  Preliminary  and  final  charring  taking  each  five  hours,  the  cycle  o 
operations  lasts  20  days.  At  Domnarfvet  a  block  with  eight  chamber 
charred  in  i  year  25,253  cords  of  wood,  including  the  wood  burnt  in  the  fire 
places,  and  yielded  72.56  per  cent,  by  volume  of  charcoal  included.     Besid< 
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the  charcoal  there  were  obtained  per  cord  of  wood  22.0  lb.  tar,  21.4  lb. 
acetic  acid,  7.7  lb.  methyl  alcohol  and  176,192  cu.  ft.  gas  (18°  C, 
760  m.m.). 

117.  Comparisoii  of  Heaps  and  Stalls. — ^A  heap  must  be  constantly  watched; 
chanring  can  be  carried  on  only  part  of  the  year,  and  the  result  depends  upon 
the  state  of  the  weather.  In  a  stall  the  process  is  imder  much  better  control; 
one  man  can  watch  a  number  of  stalls;  charring  is  carried  on  winter  and  sunmier 
and  is  independent  of  the  weather.  The  operation  with  the  heap  is  slower  and 
gives  a  smaller  jdeld  of  charcoal.  The  stall  gives  a  cleaner  product,  part  of  the 
V.H.-C.  may  be  and  is  recovered,  and  there  is  little  transportation  loss  of  charcoal 
with  the  inherent  breakage,  as  the  plant  is  built  near  the  blast-furnace.  The 
disadvantages  of  stalls  are:  Transportation^  of  wood  (five  times  the  weight  of 
the  charcoal) ;  cost,  interest  and  maintenance  of  plant;  and  liability  to  large 
percentage  (6+)  of  brands. 

118.  Charring  in  Retorts.^ — Until  within  probably  fifteen  years  retorts  were 
used  for  charring  only  when  the  main  object  of  the  operation  was  the  recovery 
of  by-products.'  As  quick  charring  is  favorable  for  the  recovery  of  a  high  per- 
centage of  V.H.-C,  the  time  given  to  working  a  charge  is  short  and  the  charcoal 
obtained  of  a  corresponding  inferior  quality  not  suited  for  blast-furnace  work. 
It  is  used  for  domestic  purposes,  the  manufacture  of  black  powder,  for  foundry 
facings,  etc. 

The  behavior  of  wood  when  subjected  to  destructive  distillation  is  shown  by 
the  following  examples.  Gillot*  carbonized  in  a  closed  iron  vessel  5.25  ft.  diam. 
and  3.28  ft.  high  a  charge  of  115  lb.  of  sticks  of  air-dried  oak  and  elm,  12  in. 
long  and  2  in.  thick,  in  4.25  days  at  a  temperature  rising  gradually  to  380°  C, 
and  obtained  charcoal  32.63  per  cent,  wt.,  acetic  acid  7.169  per  cent.,  methyl 
alcohol  1.9  per  cent.,  tar  2  per  cent.,  water  40.128  per  cent.,  gas  16.167,  per 
cent.,  total  99.999  per  cent. 

Fischer*  examined  the  gases  from  a  plant  in  which  air-dried  beech 
wood  was  charred  in  large-size  retorts.  The  gas  analyses  are  recorded  in 
Table  105. 

There  was  obtained  from  icx^  kg.  wood:  45  kg.  liquor  (4  kg.  acetic  acid, 
I.I  kg.  methyl  alcohol),  23  kg.  charcoal,  4  kg.  tar,  28  kg.  gases  of  20-25°  C. 
containing  on  the  average  20  kg.  CO2,  7  kg.  CO,  0.5  kg.  CH4,  0.05  kg.  H,  0.45 
kg.  H20,with  a  calorific  power  of  24,000  calories. 

*  Logging  Industry,  Cass,  Mag.,  1906,  xxdc,  443. 
'Bergstrdm,  Jernkont,  Ann.,  1908,  lxiii,  301. 

*  Thenius,  G.,  "Das  Holz  und  seine  Destillationsproducte,'*  Hartleben,  Vienna,  1880. 
Klar,  M.,  "Technologic  der  Holzverkohlung/'  Springer,  Berlin,  19 10. 

Klar,  Chem,  Ind,,  1897,  xx,  152,  176,  191,  219;  /.  Soc.  Chem.  Ind.,  1897,  xvi,  667,  722. 
Campbell,  "The  Wood  Distilling  Industry,"  Met,  Chem,  Eng.,  19 10,  viii,  155. 
Gcer,  "Wood  Distillation,"  U.  S.  Dept.  Agriculture,  Circular  114,  Nov.  5,  1907. 
Yuon,  Chem.  Trade  /.,  1909,  xliv,  87. 

*  "Carbonisation  du  Bois,"  Lacroix,  Paris,  1873,  pp.  43  ct  seq. 

*  Dingier,  Pol,  /.,  1880,  ccxxxviii,  55. 
Wagner,  Jahresber,,  1880,  xxvi,  417. 
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Table  105. — Gases  from  Charring  Wood  in  a  Retort 


Sample 

taken  after 

hours 

CO, 

58.99 
61.9 

62.0 

59.8 

57.48 

58.7 

57.9 
55-60 

64.68 

CO 

CH, 

C,H4 

H 

N 

0 

3 

4^ 

5^ 

7» 
8 

9^ 

lO* 

31.29 

30- 1 

32.5 
31.9 
34-52 

33.8 

35-1 

34.38 

30.32 

3.94 

trace 

387 

1. 21 

trace 
trace 

1 

4.67 

•  0.4s 

2.78 

trace     

.................. 

II 
15 

5-12 

2.43 

0.32 
0.69 

3  99 
I. 21 

trace 
trace 

1 

i 

Sartig*  records  the  following  data:  charring  in  15  hr.  air-dry  beech  wood 
at  a  temperature  of  350°  C.  in  vertical  retorts  (10  ft.  long,  4  ft.  diam.,  0.5  in. 
thick)  holding  3.07  cbm.  wood  gave  per  cbm.  (=0.237  cord)  or  395.9  kg.  wood; 
1 2 1.8  kg.  charcoal;  157.2  kg.  acid  liquor  (11.78  kg.  acetic  add,  or  27.0  kg. 
acetate  of  lime  80-82  per  cent,  pure,  and  4.63  methyl  alcohol);  23.9  kg. tar 
(sp.  gr.  1.080);  and. 93.0  kg.  gas.     The  coal  consumption  was  45.5  kg.    The 
yield  reduced  to  100  kg.  wood  gives  in  round  numbers  30  kg.  charcoal,  40  kg.  add 
liquor  (4.67  per  cent,  acetic  acid,  1.17  per  cent,  alcohol),  6  kg.  tar,  24  kg.  gas. 
The  author  gives  similar  data  for  birch  wood.    A  similar  paper  is  that  of 
Bornstein.^    The  present  European  practice  is  described  in  detail  by  Buhler.* 
Horizontal  and  vertical  iron  retorts  10.82  ft.  long,  3.28  ft.  diam.,  are  in  general 
use.    They  are  externally  heated  by  the  non-condensed  gases.    Heating  up  a 
freshly  charged  retort  requires  70-1x0  lb.  coal.    The  charge  of  2.3  cbm.  (0.63 
cord)  air-dry  wood  (beech  and  birch,  conifers  give  too  little  acid  and  furnish 
much  tar  rich  in  resin  and  turpentine)  is  charred  in  12-16  hr.    The  dark-red 
charcoal  is  quickly  drawn  into  an  air-tight  sheet-iron  (0.12-0. 16  in.)  box  to  cool 
in  36  hr.     In  a  few  cases  large-size  vertical  retorts  internally  heated  th]X)ugh 
cast-iron  tubes  are  in  operation.    They  are  10.82  ft.  sq.  and  15.42  ft.  long;  the 
sides  are  of  0.25-in.  boiler  iron,  top  and  bottom  are  0.39  in.  thick;  there  are  15 
cast-iron  heating  tubes.     A  charge  of  15  cbm.  (3.55  cords)  is  worked  in  24  hr. 
The  yield  of  100  lb.  beech  wood  absolutely  dry,  is  charcoal  24  per  cent.,  acetate 
of  lime   8  per  cent.,  methyl   alcohol   i  per  cent.,  tar  24  per  cent.,  gas  59 
per  cent. 

The  first  retort-plant  for  making  blast-furnace  charcoal  in  the  United  States 

^  Examined  on  the  spot  for  COa,  CO  and  O  only. 

*  Chem,  Z.,  1893,  xvii,  1269. 
Fischer,  Jahresber,,  1893,  xxx,  15. 

•  /.  Gasbel,  Wasserversorgungf  1906,  xldc,  648. 
*Z/.  angew,  Chem,,  1900,  155,  full  drawings. 
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Fto.  131. — Retort  charring  plant,  Algomft  Steei  Co.,  Sault  St&  Marie,  Ontuio. 


Fios,  133  and  134,— Chemical  plant,  Mgoma  Steel  Co.,  Sault  Ste.  Marie,  Ontario. 
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is  probably  that  erected  by  Mathieu^  at  Luther,  Mich.,  in  1882-83.  The  retorts 
were  made  of  boiler  iron  and  held  i  cord  of  wood.  The  body  of  the  retort  con- 
sisting of  three  convex  and  one  concave  plane  was  cylindrical;  the  ends  were 
conical.  Two  inclined  retorts  facing  one  another  with  the  concave  planes  were 
heated  from  a  central  fireplace.    This  form  has  fallen  into  disuse. 

The  plant  of  the  Algoma  Steel  Co.,  Sault  Ste.  Marie,  Ont.,*  with  a  daily 
capacity  of  160  cords  wood,  is  typical  for  the  present  mode  of  operating.  Fig. 
132  represents  a  longitudinal  section  through  one  of  the  20  units  of  the  charring 
plant.  It  consists  of  a  retort  B  with  its  first  and  second  coolers  C  and  D,  The 
retort  is  a  horizontal  steel  (1/4  in.  bottom,  3/8  in.  sides)  shell,  46  ft.  long  X6  ft  3 
in.  wide  X  8  ft.  4  in.  high,  closed  air  tight  at  the  ends  by  a  double  set  of  swinging 
iron  doors.  It  is  set  in  brick-work  as  would  be  the  case  with  a  boiler.  The 
fireplaces  m  with  ash-pits  n  at  either  end  burn  mill  refuse  and  furnish  the  heat 
necessary  for  charring.  The  refuse  arrives  in  conveyor  troughs  i  and  is  dis- 
charged by  the  swinging  spouts  0,  The  products  of  combustion  travel  around  the 
retort  and  then  pass  off  through  the  chimney  /.  A  standard  gauge  track  runs 
through  the  retort;  it  carries  four  iron  trucks  ^4,  each  of  which  has  a  skeleton- 
iron  frame  holding  two  cords  of  wood.     Charring  at  a  temperature  of  370-400° 

C.  takes  24  hr.     The  volatile  matter  ascends  in  two  vertical  pipes  leading  to  con- 
densers a  from  which  the  condensible  liquor  is  collected  in  troughs  b  and  nm  into 
collecting  tank  A  for  raw  liquor  of  the  chemical  plant.  Figs.  133  and  134,  while 
the  non-condensible  part  passes  off  through  pipes  c  to  the  boiler  plant  which 
also  burns  the  tar.     When  the  wood  is  charred,  the  door  of  the  retort  is  opened 
and  the  train  of  four  cars  hauled  by  means  of  a  rope-drive  into  the  first  cooler  C, 
similar  in  shape  and  size  as  the  retort,  but  built  of  lighter  material.     The  retort 
is  filled  again  with  four  cars  charged  with  wood.    When  the  second  charge  has 
been  charred,  the  partly  cooled  charcoal  is  transferred  from  C  to  Z>,  the  fresh 
red-hot  charcoal  from  B  to  C,  and  B  is  re-charged.     After  remaining  24  hr.  in 

D,  the  charcoal  is  sufficiently  cool  to  go  to  the  blast-furnace.'  The  scheme  of 
operating  the  condensation  plant.  Figs.  133  and  134,  is  given  in  the  accompany- 
ing tree. 

»  7.  U.  S.  Assoc.  Charcoal  Iron  Workers,  1884,  v,  9,  385;  1885,  vi,  60;  Eng,  Min.  /.,  1884, 
XXXVII,  160;  Berg.  HiitUnm.  Z.,  1885,  xliv  9  (Akerman). 

*  Sjostedt,  Iron  Age,  Jan.  28, 1904.  Plant  of  Meshek  Chemical  and  Iron  Co.,  Wells,  Mich., 
Iron  Trade  Rev.,  1912,  li,  619;  Eng.  if  tn./.,  191 2,  xciv,  74 7;  Lake  Superior  Iron  and  Chemical 
Co.,  Iron  Age,  1912,  xc,  121 1. 

'  Zwillinger,  A  New  Charcoal  Cooling  Process,  Iron  Age,  January  11,  1903. 
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119.  Comparison  of  Stalls  and  Retorts. — The  leading  advantages  of  retorts 
over  stalls  are:  A  higher  yield  in  charcoal,  methyl  alcohol,  and  acetic  acid;  a 
more  uniform  quality  of  charcoal,  and  a  lower  cost  of  charring.  Wherever  there 
is  a  market  for  methyl  alcohol  and  calcium  acetate,  the  retort  will  be  preferred 
to  the  stall. 

120.  Peat  Charcoal  (Coke).* — Peat,  when  subjected  to  destructive  distilla- 
tion, is  decomposed  at  a  temperature  ranging  between  200  and  300°  C,  and 
on  the  average*  )delds  by  weight, charcoal  35  per  cent.,  gas  liquor  40  per  cent., 
tar  8  per  cent.,  gas  17  per  cent.  The  tar  upon  fractional  distillation  gives 
2  per  cent,  light  oils,  2.5  per  cent,  heavy  oils,  1.5  per  cent,  lubricating  oil,  0.5 
per  cent,  paraffine,  and  1.5  per  cent,  asphalt.  Heine*  gives  as  an  average  the  fol- 
lowing data:  charcoal  40  per  cent.,  gas  liquor  33  per  cent.,  tar  6  per  cent.,  and 
gas  2 1  per  cent.     As  peat  is  rich  in  ash,  the  charcoal  cannot  form  a  very  valuable 

^  Tanks  and  stills  are  14  ft  diam.  and  6  ft.  high. 

'  Distillate,  originally  brown,  upon  addition  of  Ca(0H)2  becomes  green  (first  pale,  then 
olive),  daret-color  (neutral  point),  orange-yellow  (slight  excess  of  Ca(0H2)). 

'  One  cord  of  wood  3rields  275  gal.  liquor  with  $  per  cent.  CSH4O2  and  3.5  per  cent.  CH4O. 

*  Hd>er,  BraunkohU,  1910,  vui,  744. 

»  Thenius,  "Die  Technische  Vcrwerthung  des  Torfes,  Hartleben,  Vienna,  1904,  p.  331. 

Bdmstem,  ZL  Gasbd.  Wasserversorgung,  1906,  xux,  649. 
*Zt.  angew,  Ckem,,  1896,  lxi;  see  also  //.  Assoc,  Eng,  Soc,  1907,  xxxviii,  233. 
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fuel  unless  the  peat  is  first  washed.  Peat  charcoal  retains  the  structure  of  the 
raw  peat,  hence  only  peat  compressed  into  briquettes  is  used  in  charring.  The 
specific  gravity  of  peat  charcoal  varies  greatly  with  the  purity  and  compactness 
of  the  peat.  The  weight  of  i  cu.  ft.  peat  charcoal  ranges  from  15  to  20  lb.,  d^ 
pending  upon  the  percentage  of  ash  which  is  4  to  5  for  high-grade  material,  but 
generally  exceeds  10.  The  absorbing  power  for  gases,  the  ignition  temperature, 
etc.,  are  similar  to  charcoal.  The  calorific  power  ranges  between  2,700  and 
6,900  cal.;  average  3,600.  Heine^  gives  the  ultimate  analyses  of  high-grade 
German  peat  charcoal,  shown  in  Table  106. 

Table  106.— Ultimate  Analyses  of  German  Peat  Charcoal 


Locality 

C 

H 

0 

N 

S 

P 

Ash 

HiO 

Oberfranken 

89.90 
83.06 
77.46 

1.70 
0.91 
3-86 

4.18 
II . 

2.40 
45 

4.20 
3.86 

3-53 

1.80 

Oldenburg 

Gifhorn 

0.27 

0.07s 

0    ^^ 

• 

The  usual  range  of  composition  is  given^  as  C  60  to  86,  H  2.2  to  4.4,  0+N  6 
to  17,  H2O  10  to  15,  ash  10  to  20  per  cent. ;  this  shows  that  peat  charcoal  contains 
about  25  per  cent,  volatile  matter.  Peat  charcoal  is  too  weak  to  be  used  in  a 
blast-furnace  of  any  considerable  height;  it  is  satisfactory  for  domestic  piuposes, 
for  raising  steam,  firing  reverberatory  furnaces  and  similar  purposes. 

The  gas  liquor  is  generally  ammoniacal;  very  young  peat  may  furnish  an 
acid  liquor  owing  to  the  excess  of  acetic  acid  evolved.  The  ammonia  salts  of  the 
liquor  are  the  carbonate  and  acetate;  the  liquor  often  contains  some  methyl 
alcohol.  The  tar  has  a  light-brown  color,  a  penetrating  odor,  and  is  rich  in 
paraffine  which  causes  it  to  solidify  at  9°  C. 

Peat  can  be  charred  in  heaps,  stalls  and  retorts;  electric  charring  has  been 
tried  in  Norway.*  As  in  charring  peat  shrinks  more  than  wood,  and  the  manage- 
ment of  a  heap  becomes  more  difficult.  Using  peat  briquettes,  however,  allows 
packing  more  closely  than  is  possible  with  wood.  The  yield  is  about  30  per  cent 
by  weight.  Stalls  show  the  same  advantages  over  heaps  as  they  do  in  charring 
wood;  they  should  be  erected  at  the  bog  which  furnishes  the  raw  material. 
The  details  about  charring  in  heaps  and  stalls  given  in  the  literature  are  of 
ancient  date.  They  need  not  be  gone  into,  as  in  all  probability  no  peat  is  charred 
at  present  in  cither  heaps  or  stalls.  Charring  in  retorts  has  taken  a  new  lease 
of  life  by  the  advent  of  the  Zicglcr  furnace.* 

The  Zicgler  furnace  consists  of  a  pair  of  vertical  oblong  iron  retorts  heated 

*  Loc.  cit. 

2  Kcrl,  *'Mctallhuttenkunde,"  p.  117. 

'  Hausding,  op.  cit.y  p.  391;  Kng.  Mag.,  1902,  xxrv,  210;  Berg.  IliUtenm.  Z.,  1904,  ixm,  64. 

*  Ilausding,  op.  cit.,  p.  392;  Thonind.  Z.,  1901,  xxv,  810;  Eng,  Mag,^  1902,  xxnr,  209; 
Eng.  Min.  /.,  1907,  Lxxxiir,  143. 

Zwingenbcrg,  /.  Am.  Peat  Soc,  1908,  i,  53. 
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prith  the  non-condensed  gases  of  the  destructive  distillation;  enough  excess  gas 
is  available  for  heating  the  boilers  of  the  plant.    The  retort,  after  having  been 
heated  up,  works  continuously;  some  coke  is  discharged  at  intervals  from  the 
bottom  and  a  corresponding  amoimt  of  briquette  charged  at  the  top.    The 
temperattire  of  the  flues  near  the  bottom  of  the  retort  reaches  1,110®  C;  that  of 
the  upper  flues  is  400°  C. ;  the  products  of  combustion  pass  off  at  300°  C. ;  the 
temperature  in  the  retort  does  not  exceed  600°  C.     The  volatile  matter  is  drawn 
off  at  the  middle  and  near  the  top  of  the  retort.    A  furnace  (dimensions  not 
given)  treats  18  tons  in  24  hr.    Schonelding^  states  that  in  Oldenburg  air-dry 
peat  briquettes  give  by  weight:  peat  charcoal  35  per  cent.,  gas  liquor  20  per 
cfent,  tar  4  per  cent.,  water  20  per  cent.,  gas  and  loss  20  per  cent.     The  composi- 
tion of  the  charcoal  is:  C  84.9,  H  1.2,  O  2.5,  ash  2.8,  H2O  8.6,  calorific  power 
7,500  caL    The  gas  liquor  from  100  lb.  peat  gives  (NH4)2S04  0.4  per  cent., 
(C2Hs02)2Ca  0.6  per  cent.,  CH4O  o. 2  per  cent    A  working  test  on  500  tons  Olden- 
burg peat  in  five  furnaces  gave  Wolf*  from  100  lb.  peat  briquettes,  charcoal  27.3 
per  cent,  gas  liquor  31.2  per  cent.,  tar  4.5  per  cent.,  gas  37.0  per  cent.    By 
fractional  distillation  the  gas  liquor  yielded  CH4O  0.34  per  cent.,  NHa  0.16  per 
cent,  C2H4OS  0.44  per  cent.;  and  the  tar:  light  oils  2  per  cent.,  heavy  oils  0.7 
percent,  paraffine  0.3  per  cent.,  lubricating  oil  (phenols)  1.3  per  cent.,  asphalt 
0.2  per  cent     According  to  Bleymiiller,'  1/4  to  1/3  of  the  charcoal  in  the  iron 
blast-furnace  of  Schmalkalden,  Germany,  has  been  replaced  by  Ziegler  peat 
charcoal.    In  1907  only  three  plants  were  in  operation  in  Germany.* 

121.  Brown-coal  (lignite)  Coke.*^— Many  experiments  have  been  made  to 
produce  from  brown  coal  a  coherent  coke  suitable  for  metallurgical  purposes, 
but  practically  all  have  failed,  as  brown  coal  upon  heating  breaks  up  into  small 
fragments.  It  has  been  mixed  with  good  coking  coal  and  has  given  a  satisfac- 
tory coke.*  Briquetting  brown  coal  with  pitch  bond  and  coking  the  briquettes 
promises  well.^  It  may  be  inferred  from  Schorr's  tests*  that  brown  coal  bri- 
quetted  with  oil  residues  and  coked  in  a  modified  Appolt  oven*  will  give  good 
furnace  coke.     Schnablegger's  experiments  are  promising.^® 

Brown  coals  near  Halle,  Germany,  are  subjected  to  destructive  distilla- 
tion in  retorts.  ^^  From  the  tar^^  are  produced  parafl^e,  paraffine  oil,  solar  oil, 
benzine,  creosote  and  pitch;  the  coke,  called  "Grude,"  40  to  50  per  cent,  of  the 
weight  of  the  coal,  forms  a  domestic  fuel  and  is  used  in  gas  producers. 

GlUck  Auf,  1900,  XXXVI,  796. 

Verk,  Vercin  Befdrd.  Gewerb.,  1903,  ixxxii,  295. 

Sum  If.  Eisen,  1905,  xxv,  1326. 

Eng.  Min.  J,,  1907,  Lxxxni,  143. 

Dumble,  E.  T.,  "Brown  Coal  and  Lignite,"  Gcol.  Survey  of  Texas,  1902,  pp.  69,  74. 

von  Tunner,  /.  /.  and  St,  /.,  1882,  i,  96;  Friderici,  Oest,  Zt.  Berg.  HiiiUnw.,  1882,  xxx,  45. 

Coal  Testing  Plant,  U.  S.  Gcol.  Survey,  St.  Louis,  1904,  Prof,  Paper  No.  48,  Part  in, 

454. 
Eng,  Min,  /.,  1905,  lxxdc,  322. 

Eng,  Min,  /.,  1905,  Lxxx,  1115. 

*0e5/.  Z/.  Berg.  HilUenw.,  1902,  L,  195. 

*  Berg,  HaUenm,  Z.,  1890,  xliv,  308;  Min,  Ind,y  1900,  rx,  170. 

*  Graefe,  Ed.,  "Die  Braunkohlenteer-Industrie,"  Knapp,  Halle,  1906,  p.  104. 
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122.  Bituminous-coal  Coke.^ — ^The  first  attempts  at  coking  bitimunoos 
coal  were  made  in  the  sixteenth  century  near  Cassel,  Germany.*    In  1589'  cok- 
ing experiments  were  carried  on  in  England.    In  the  eighteenth  century  coke 
began  to  replace  charcoal  as  a  metallurgical  fuel;  at  present,  excepting  a  lew 
districts,  it  is  the  sole  carbonized  metallurgical  fuel. 

The  coking  power  of  coking  coals  varies  greatly  (§103).  Assummg  8  per 
cent,  ash  as  an  average,  the  coking  coals  of  the  U.  S.  contain  18  to  32  per  cent. 
V.M.  and  74  to  60  per  cent.  F.C.  A  coking  coal  subjected  to  destructive  dis^ 
tillation^  gives  off  some  H2O  and  a  little  gas  at  200°  C.  At  about  300®  C.  it 
begins  to  soften,  fuse  and  swell;  at  400^  C.  tarry  vapors  with  illuminating  gases 
are  set  free  (parafl&nes  CnH2n+2,  olefines  CnHan,  phenols  CnHjii-iOH);witli 
increase  of  temperature  to  500  to  600°  C.  the  remaining  H2O  is  decomposed,  the 
amount  of  heavy  hydrocarbons  (paraffines  and  olefines)  set  free  decreases  (being 
in  part  decomposed  into  C,  light  CxHy  and  H)  and  the  volume  of  gases  d^ 
creases;  at  900°  C.  practically  gases  only  pass  off,  and  at  i,2cx>  to  1,400°  C.  the 
decomposition  of  the  coal  is  completed.  The  character  and  amount  of  products 
obtained  vary  with  the  kind  of  coal,  the  form  of  furnace  and  the  manner  of 
operating.  The  volatile  matter  is  collected  as  gas,  gas-liquor  and  tar;  the  resi- 
due forms  the  coke.  One  net  ton  of  coking  coal'  will  yield  9,cxx>  to  9,6cx>  cu.  ft 
gas  containing  H  50  to  55  per  cent.,  CH4  35  to  40  per  cent.,  CmHn  (heavy 
hydrocarbons)  2.5  to  3  per  cent.,  CO  0.5  per  cent.,  CO2  1.5  per  cent.,  and  small 
amounts  of  N;  200  lb.  gas-liquor  with  2  to  3  per  cent.  NHs  present  as  free  NHi, 
and  in  combination  with  CI,  CO2,  S,  CN;  65  lb.  black  coal  tar  consisting  of 
liquid  and  solid  hydrocarbons,  phenols  and  asphalt-forming  constituents;  and 
70  to  75  per  cent,  coke  containing  the  fixed  carbon  and  ash.    Table  107  by 

^  Diirre,  £.  F.,  "Die  Anlage  und  der  Betrieb  der  EisenhUtten/'  Baumg&rtner,  Ldpsk, 
1881, 1,  pp.  239-275;  Supplement,  1892,  p.  164. 

Fulton,  J.,  "Coke,"  International  Text  Book  Co.,  Scranton,  Pa.,  1905. 

Simmersbach,  O.,  and  Anderson,  W.  C,  "Chembtry  of  Coke,"  Hodge  and  Co.,  Glasgow- 
Edinburgh,  1899. 

Weeks,  J.  D.,  "Report  on  the  Manufacture  of  Coke,"  Tenth  Census^  U.  S.,  1880,  VoLx 
("Petroleum,  Coke  and  Building  Stone"). 

Byrom,  T.  H.,  and  Christopher,  J.  E.,  "Modern  Coking  Practice,"  Crosby, Lockwood& 
Son,  London,  19 10. 

Lewes,  V.  B.,  "Carbonization  of  Coal,"  John  Allan  &  Co.,  London,  191 2. 

Percy,  C.  M.,  "Improvements  in  Coke  Manufacture  in  Europe,"  Call,  Eng.,  1888-90, 
Vols.  8-10. 

Rossigneux,  "Fabrication  der  Coke,"  Bull.  Soc.  Ind.  Min,,  1891,  v,  387, 505;  CoU.Guard.^ 
408,  ixv,  1893,  457,  SOI. 

*  Say.,  Bull,  Soc.  Ind.  Min,y  1909,  x,  157,  365,  463,  551. 
K.,  Stahl  u.  Risen y  1894,  xiv,  202,255. 

*  Beck,  L., "  Geschichte  des  Eisens,"  Viewcg,  Brunswick,  1892,  n,  752,  784,  1268;  1897, 
ni,  306,  928. 

*  Bomstein,  "  Brattnkohle"  1906,  v,  415. 

Porter  and  Ovitz,  Eng.  \fin,  7.,  1908,  lxxxvi,  720;  Btdl,  i.  Bureau  of  Mines,  191a 
Parr,  S.  W.,  and  01in,H.L.,"  Coking  of  Coal  at  Low  Temperatures,"  iJt«tf.  30,  Univ.  HL, 
June  3,  1012. 

*  Lunge,  Min.  Ind,,  1896,  v,  182, 


Schniewind'  gives  the  yields  in  coking  some  American  coals  in  OltoHofl] 
(fiji)  ovens.    The  data  may  serve  as  guides  for  other  ovens. 

Table  107.— Yield  of  Coke  fsou  /Vukiucan  Coals  in  Otto-Hoffmann  Ciji 
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The  treatment  of  the  violatile  matter  is  discussed  in  Si34-  The  solid  pro- 
duct of  carbonization  is  either  gas-coke,  made  in  coal-gas  retorts,  or  metal- 
lurgical coke,  made  in  a  variety  of  ovens.    Only  the  latter  is  treated  in  this  text. 

123.  Properties  of  Coke.— Blast-furnace  coke'  must  have  the  right  color  and 
luster,  and  a  well-developed  structure;  it  must  be  hard,  sonorous  and  strong, 
in  lump  form  and  contain  little  breeze,  and  lastly  it  must  come  up  to  certain 
standards  of  purity. 

CoLOK  AND  Luster. ^The  color  ranges  from  silver-gray  to  black,  usually 
iron-gray;  the  luster  from  silky  and  metallic  to  dull,  beehive-coke  having  a 
larger  amount  of  graphitic  C  than  retort-coke,  and  being  quenched  with  ex- 
clusion of  air,  has  a  lighter  color  and  Is  more  lustrous  than  retort-coke.  The 
irridescence  of  occasional  pieces  of  coke  is  said  to  be  due  to  films  of  FeS. 

Stbdcture.* — The  surface  of  coke  is  rough;  here  and  there  pieces  are  smooth 
and  glossy  like  graphite;  hair-like  threads  are  sometimes  found  on  a  piece  of 
coke.  Coke  is  a  porous  vesicular  mass  consisting  of  a  large  number  of  irregular 
cells  joined  together  by  walls  that  are  impervious  to  gases.  This  imperviousness 
is  seen  clearly  in  the  photomicrographs  prepared  by  ThSrner.  Fig.  135,*  repre- 
senting Rhenish  coke  made  in  aCoppecoven{Si3!),shows  the  two  constituents, 
while  cell-spaces  and  black  cell-walls  (compare  with  photomicrograph  of  char- 
coal. Fig.  115).'  The  porosity,  therefore,  depends  solely  upon  the  number  and 
size  of  the  cells.     Coke  from  moderately  fine  coal  of  uniform  size  is  denser 

'  lr»n  Age,  Nov.  jB,  iqoi. 

'Thau.  67u£*  oh/,  ig07,  \u  1.  377. 

•Wedding,  Zl.  Btrg.  UUttrn.  Sal.  Wma  1.  Pr..  1870.  xxiv,  409. 

Dewey.  Tr.A.I.M.  E.,  1883-84.  xii,  111. 

Kultrhcr,  SlaU  h.  Eiien.  18S5,  v,  7g4. 

Thomer.  op.  cit.,  18S6,  vi.  71. 
*  SlaU  a.  Eittn.  j886,  v,  Plate  v,  Fin.  j, 
*Roush,  Utiallurpe,  1913.  tx.  t6o;  /.  Ind.  Eng.  CIicih.,  1911,11:,  368. 


and  heavier  than  if  the  coal  used  is  in  lump  form  or  of  uneven  size  (cnishing, 
screening  i/6  to  3/8  in.,  compressing  coals).  The  greater  the  ratio  V.H.-C.: 
F.C.  in  a  coal,  the  larger  will  be  the  size  and  the  number  of  cells.  But  the  saiw 
coal  will  make  a  lighter  coke  if  the  initial  coking  temperature  is  high  than  if  low; 
the  higher  the  fuel-column,  the  higher  the  temperature  after  most  of  the  voliilflt 
matter  has  been  driven  off,  and  the  longer  the  time  given  to  coking  the  stronger 
will  be  the  coke.  The  size  of  cell  varies  greatly.  With  gas-coke  the  cells  itt 
frequently  large  enough  to  give  the  coke  the  appearance  of  a  coarse  sponge; 
with  blast-furnace  coke,  they  are  \'ery  small.  Dewey'  gives  the  percentage  of 
cell-spaces  of  American  blast-furnace  coke  made  in  the  beehive  as  ranging 
between  42.96  and  61,13  per  cent.;  Fulton'  gives  44  per  cent.,  the  figure  u( 
Connellsville  beehive  coke,  as  the  most 
desirable  volume  of  cells  for  American 
iron  blast-furnace  practice.  Europun 
blast-furnace  coke  made  in  retort-o\-ens 
has  40  to  50  per  cent,  cell-spaces,  while 
foundry  coke  has  25  to  40  per  cent.  Coke 
to  be  used  in  lead,  copper  and  other  non- 
ferrous  blast-furnaces  which  are  run  with 
a  low  pressure  blast  ought  to  be  more 
porous  than  the  coke  of  the  iron  blast- 
liirnace.  The  percentage  of  cells  in  coke 
which  is  to  be  burnt  as  a  domestic  or  a 
boiler  fuel  should  be  larger  than  that  in  the 
coke  of  lead  and  copper  furnaces;  such  cote 
should  also  contain  a  larger  amount  ol 
volatile  matter.  Coke  from  retort -ovens  shows  less  cell-spaces  than  beehive 
coke,  as  is  shown  by  the  data  on  Connellsville  coke.  Table  108,  given  by 
Fulton. 


Fio.  135. —  Pholomictograph  ofcokt. 
(ThOrner). 
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Hygroscopicity.^ — Coke  is  hygroscopic.  Dry  coke  exposed  to  moist  air 
absorbs  about  2.5  per  cent.  H2O;  when  immersed  in  water,  it  takes  up  20  to  50 
per  cent,  but  readily  gives  up  again  the  major  part,  retaining  10  to  15  per  cent. 
HiO.  Retort  blast-furnace  coke  usually  contains  4  to  6  per  cent.  H2O;  beehive 
coke  quenched  in  the  oven  2  to  3  per  cent.,  but  it  absorbs  enough  H2O,  when  ex- 
posed for  some  time  to  moist  air,  for  its  moisture  content  to  reach  4  to  6  per  cent. 

Specific  Gravity.* — ^This  is  governed  by  the  percentage  of  cell-walls  and 
of  ash.  According  to  Dewey*  the  true  or  actual  specific  gravity  (relation  be- 
tween coke-substance  and  equal' volume  of  water)  of  American  beehive  coke 
varies  from  1.49  to  1.83,  and  the  apparent  specific  gravity  (relation  between 
entire  volume  of  coke  and  equal  volume  of  water)  from  0.713  to  0.935.  Retort- 
oven  coke  gives  higher  figures  for  the  apparent  specific  gravity,  as  it  has  a  smaller 
percentage  of  cells  than  beehive  cokes.  Thus  Muck^  gives  1.2  to  1.9  as  the 
range  of  the  true  specific  gravity  of  European  coke.  One  cu.  ft.  of  American 
furnace  coke  with  an  apparent  specific  gravity  of  0.9  weighs  when  in  lumps 
about  30  lb.,  and  in  the  form  of  breeze  32  lb.;  gas-coke  is  lighter,  it  weighs  23 
to  30  lb.  per  cu.  ft. ;  i  bushel  of  coke  weighs  about  40  lb.  European  coke  weighs 
22  to  23  lb.  per  cu.  ft. 

Hardness. — The  hardness  of  coke  depends  upon  the  character  of  the  cell- 
walls,  and  this  upon  the  general  character  of  the  coal,  the  percentage  of  ash  (es- 
pecially of  SiOs),  the  kind  of  furnace  used  and  the  time  given  to  coking.  The 
hardness  varies  from  2.1  to  3.6.  Fulton*  gives  the  hardness  of  American  bee- 
hive coke  as  ranging  from  3.0  to  3.6.  Blast-furnace  coke  must  be  hard,  as  soft 
coke  is  friable  and  readily  attacked  by  CO2  at  a  red  heat.  Fronheiser*  conducted 
COj  over  anthracite  and  coke  heated  in  a  glass  tube;  the  percentage  of  CO  in  the 
gas  leaving  the  tube  gave  the  means  of  comparing  the  hardness.  His  data  are 
given  in  Table  109. 

Table  109. — Resistance  of  Anthracite  and  Coke  at  Elevated  Temperature  to  COj 


Kind  of  fuel 


Scratch 

COt 

CO 

hard- 
ness 

Ultimate 
compressive 

strength, 
lb.  per  sq.  in. 


Coking  oven 


Anthracite 

Coke,  Connellsville 
Coke,  Connellsville 
Coke,  Morris  Run. . 
Coke,  Bennington. . 


96.0 

4.0 

2-5 

94. 5 

55 

3-7 

91.9 

9.0 

30 

88.8 

II.  2 

2.6 

86.1 

13  9 

1 
2.4 

3,000 

2,260 

1,204 

1,360 

848 


Otto-Ho£Fmann. 
Beehive. 
Semet  Solvay. 
Beehive. 


^  Report  of  Tests,  Stahl  u,  Eisen,  1908,  xxviii,  800,  997,  1325;  1909,  xxix,  28. 

Steingroever,  G/ifcA  .fl«/,  1908,  xliv,  160 1. 

Crisfidd,  /.  Frankl,  Inst,,  1911,  clxxii,  495. 
«  Thdmer,  Stahl  u.  Risen,  1888,  viii,  591. 
*Tr,A.  /.  if.  £.,  1883-84,  XII,  III. 

*  "Chemie  der  Steinkohle,"  Engelmann,  Leipsic,  1891,  p.  200. 
»  Tr.  i4.  /.  M.  £.,  1883-84,  xn,  220. 
'  Fulton,  op.  cU,,  359. 
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The  figures  for  Connellsville  show  that  when  coked  in  the  retort-oven,  the 
x>ke  resists  oxidation  by  CO2  better  than  when  in  the  beehive.  Other  data  are 
those  by  Bell/  Akerman*  and  L^vfeque.' 

Sonorousness. — Good  coke  always  gives  a  clear  metallic  ring  when  struck; 
this  property  furnishes  a  simple  means  of  approximating  the  quality. 

Strength. — ^The  strength  of  coke  depends,  beside  the  porosity  and  hardness, 
upon  the  percentage  of  ash  and  the  temperature  at  which  coking  was  carried  on. 
It  b,  on  the  whole,  the  smaller  the  higher  the  ash-content,  and  the  higher  the 
percentage  of  Si02  in  the  ash.*  There  are  cases  on  record  in  which  the  ash 
being  readily  fusible  has  given  strength  to  the  cell-walls.  At  an  elevated  tem- 
perature coke  is  weaker  than  at  ordinary  temperature.  Thus  Bell'  found  in 
one  mstance  that  the  resistance  of  coke  when  hot  was  33  per  cent,  less  than 
when  cold;  Holtzer*  in  another  found  the  loss  in  strength  to  be  only  7  per  cent. 
Table  no  gives  the  physical  properties  of  some  kinds  of  American  coke.* 

According  to  Simmersbach-Anderson,^  Westphalian  coke  has  an  average 
ultimate  compressive  strength  of  1,700  lb.  per  sq.  in.  Tests  with  diflferent 
ovens  at  the  Bess^ge  works,  Terrenoire,  gave  Jougouet*  the  data  shown  in 
Table  iii. 

Table  hi. — Ultimate  Coicpressive  Strength  of  Coke  Made  in  Different  Ovens 


Oven 

Carvds,  width  of  retort, 
iu. 

Beehive 

Belgian  (Smet) 

Coppde 

27/jf 

26 

i9\\ 

Ultimate    compressive 
strength,  lb.  per  sq.  in. 

945 

^*ns 

^yS^S 

.625 

755 

1,145 

In  order  to  improve  the  structure  and  with  it  the  strength  of  coke,  finely 
crushed  and  wetted  coal  is  sometimes  compressed  into  a  cake,"  and  this  resting 

'  "Principles  of  the  Manufacture  of  Iron  and  Steel,"  Spon,  London,  1884,  p.  287. 
*0«/.  Jakrb,,  1889, xxxvn,  127. 

•  ByU.  Soc,  Ind,  Min,y  1906,  v,  433. 

•  Simmersbach- Anderson,  op,  cU.^  p.  120. 

•  Bull.  Soc,  Ind,  Min,y  1891,  v,  396. 

•  Fulton,  op.  cil,,  p.  334. 
^Op.  cil.,  p.  119. 

•  /.  /.  and  Si.  /.,  1880, 1,  144. 

*Qua{^o,  Verh,  Verein.Bef.  Gewerb.,  1892,  lxxi,  416. 
Simmersbach,  5/aA/ M.  Eisen,  1898,  xviii,  1078  (Iron  Age,  Dec.  29, 1898);  1905,  xxv,  1058, 
1347  (Eng.  Min.  /.,  1906,  Lxxxn,  208). 
H.  W.,  CoU,  Guard.,  1899,  lxxv,  1115. 

Ellison,  Tr.  Inst,  Min.  Eng,,  1900-01,  xxi,  89  (Berg,  HiiUenm,  Z.,  1892,  lxi,  69), 
A,  Siakl  u,  Eisen,  1900,  xx,  1 248. 
Brink  and  Hfibner,  op.  cii,,  1901,  xxi,  73. 
Editor,  Rtv.  Un.  Min.,  1901,  liii,  308. 
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-'TT.  Lie  cTiinnre^aif^n  iecreaaa  riic  TGiumc  it  die  caaL  bv  x"  3ff 
en: .  itr'jiicrinz  i  -  jtrr  cent,  ff  jr  nerfStsarr  rti»;ir->nrp-  sDstcs  lad  zc  ic  astt. 
crpsisr^  Viicine  time.  [esLr.'^  in  :nrr»ia=e  vif  nke  :aoii£  'if  re  per  csnt.-  Tins 
^rM.^r:..y  _5  more  rhan  baiancsfi  -iv  *,he  ^zr^^z  of  repairs  in  oiacnmt!;?  laid 
aiidriiin^u,  -ahor.  and.  bv  the  dimaiirr  of  --xendnjE  in  acid  wcarfnffi  Pfxicr 
cOttLTZ  r.Ai5  high  in  voiariie  matter  niav  r*»r;Tiire  this  trcarnieii:  cnais  uo: 
5WrL  unrh  in  cokir.z  may  not  be  CGmpressec.  13  CQmpresca  cf  c::iirsc  h- 
CKiia&  ■jns  tenriencT/. 

TiK  Tcr^nirtii  it  biast-rimace  cnke  has  been  131  often.  sdH  s  measiraibj 
dst-rmmiz^  the  resistance  it  oner-  to  «:ompres=ion.     A  trne  cnbic  och-  U.  5. 
or  z  L-L    E  iropean  Continent    is  prepared  by  sawinsr  and  then  T^ni-^ir?^  ,:c  m 
icr^-The^  to  the  requinrd  -dze.  and  then  s'lbjected  to  pressure  in  a  smtablc 


mazhne  until  it  bejins  to  crack.    As  sawinsr  wears  out  a  blade  quiddy,'  it  is 
jtrsis:xzu:  to  ffaape  a  ipedmen  roushiy  with  nippers.    The  apparatus  for  com- 
preaa.11  ised  in  Germany  is  described  by  Simmersbach-Anderson*  and  Tborocr.* 
The*  rrm precision  tests  cannot  well  zive  the  average  strength  of  a  lot  of  coke,  as 
il  i^  ir.TC<i?ible  to  obtain  an  averaze  5ample  and  as  the  average  of  even  a  large 
numSir  :f  tests  can  only  be  approximate!}''  correct.     One  way  out  of  the  diffi- 
cult 25  tc  connne  ompression  te^ts  to  picked  samples  and  base  comparisons 
or  UKcr.     But  Ln  the  blait-fumace  there  is  not  so  much  danger  of  coke  being 
hrokic  bv  the  weight  of  the  charze  as  by  its  torsional,  abrasive  and  grinding 
cfior:.     Weddinii'*  calailatcfi  that  in  an  iron  blast-furnace  98  ft,  high  the  com- 
nrrssi.T.  ^.xc^rtcd  up<in  tht:  -fquare  inch  of  coke  was  4.29  lb.  and  of  charcoal  1.42  lb. 
Thi  >:rrr,L:th  and  friability  of  coke  has  been  determined  for  years  at  the  Creuzot 
varks^  France/  by  charging  no  lb.  coke  into  a  tumbler,  3.28  ft.  diam.  with  3 
raduu  Jtrms  S  j  3  in.  long,  allowing  the  tumbler  to  revolve  4  min.  at  the  rate  of  25 
T.nTT...  and  then  to  screen  through  a  sieve  with  holes  1.5748  in.  sq.     A  good  coke 
shouki  not  give  more  than  30  per  cent,  fines.     A  similar  mode  of  procedure,  the 
raukr-icst,  has  given  satisfactor>'  results  in  testing  pa\ing  material  and  brick.' 

l^jtfby.  7.  /.  *if<i  St.  /.,  1902, 1,  26. 

Krnsl,  Iron  A^e,  1906,  lxx\ii,  663. 

l^ckdwanna  Steel  Co.,  Zt.  Berg.  Iluilen  u.  Sal  We^en  i.  Pr.,  1906,  Li\',  205. 

Kmst  Coal-charging  Machine,  Iron  Age,  1907,  lxxx,  1682. 

ThAiu  Olik'k  Auf.  1907,  XLiii,  925. 

i>\vko.  Stiihl  u.  Kisen,  1908,  xxviii,  1350. 

SrhrcibiT.  op.  cii.,  ion,  xxxi,  1896. 
i\twalcr.  />.  .1.  /.  ^f'  ^-f  1903,  xxxiM,  7^>7. 
tV\ilton,  />.  .1.  /.  '»/•  ^'^  1883-84,  XII,  214. 
I  rhillips.  Awir.  3/iw.  J.y  1898,  LX-v,  67. 

•  ^|jA/«.  Kisni,  iSS6,VT,  74. 

fllanilbuch  der  Eisenhuttenkundc,"  Vicweg,  Brunswick,  1906,  Vol.  in,  p.  780. 
tRo!isigneux,  Buli.  Soc.  Ind.  Min.,  1891,  v,  394;  further  Weill,  Rev,  MH.,  1905,  ii,  557; 

ftf-^^nfi'iV,  1005,  III,  36* 

•  Orion,  Ohio  (leol.  Survey,  1893,  vii,»  189,  247;  Tr.  Am.  Ceramic  Soc,  ipii.xm,  792. 

Brown,  op.  cit.,  1910,  xii,  270. 
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A  method  is  used  in  Pennsylvania  which  may  be  called  a  drop  test,  a  wooden 
box,  18X18  in.,  and  12  in.  deep,  having  a  hinged  bottom,  is  filled  with  about 
50  lb.  coke.  The  coke  is  made  to  drop  three  times  from  a  height  of  6  ft.  onto  a 
cast-iron  plate,  and  then  sifted  ^ith  a  screen  having  openings  2  in.  sq. ;  with  a  good 
coke  the  oversize  is  not  less  than  70  per  cent,  and  usually  reaches  82  per  cent. 
Chemical  Composition. — Coke  consists  mainly  of  C  and  ash;  it  contains 
small  quantities  of  H,  O,  N,  S  and  some  V.M.,  and  also  some  water. 

Table  112. — Ultimate  Analyses  of  European  Coke 


Locality 

C 

H 

0 

N 
380 

Ash 

S 

Reference 

Germany,  Ruhr  District. . . 
Eogiand,  Dukinficld 

91.772 
85 . 840 
91.580 
So.Sqo 

1.225 
0.526 
0.230 

0.  CIO 

0.040 
I. 

I .  ^10 

6. 

11.400 

6. 

933 
0.860 
K6n 

Muck,  op,  cU,,  p.  203. 
Percy,  op,  cU,,  p.  417. 
Weeks,  op,  cii.,p.  72. 
Weeks,  op,  cU,,p,  72. 
Weeks,  op,  cU,,p,y2, 

• 

Bdghiin,  Mons 

2.130  

2.    f? 

16.  510 
6. 200  

Bdffhiiii^  S^raine* 

01 .  ^00  0    '«0 

y  * "  o^*^ 

—  -  w»»/- 

-  f 

In  the  United  States  ordinarily  only  the  proximate  analysis  is  made  giving 
F.C.,  V.M.,  Ash,  S,  P,  H2O.     In  Tables  108  and  no  such  analyses  were  given.* 

Carbon. — The  carbon  content  of  coke  ranges  from  83  to  93  per  cent.;  it  is 
composed  of  the  F.C.  of  the  coal,  the  C.  set  free  by  the  decomposition  of  some  of 
the  V^.-C.,  and  the  C.  of  the  V.M.  still  retained  by  the  coke. 

Ash. — ^The  percentage  of  ash  varies  from  4  to  15  per  cent.;  good  coke  should 
contain  less  than  12  per  cent.  As  the  ash  has  its  source  in  the  inorganic  matter 
of  the  coal  and  remains  practically  unchanged  in  coking,  it  has  the  same  com- 
position as  that  of  the  coal  (Table  80). 

Gases.* — The  gas  present  in  coke  can  be  only  partly  attributed  to  volatile 
matter.  In  blast-furnace  coke  its  amount  varies  from  0.5  to  4  per  cent.  Of  the 
elements  H,  O  and  N,  H  is  the  most  important,  reaching  2  per  cent,  by  weight. 
Parry*  believes  that  H  is  present  as  occluded  gas,  while  Muck*  holds  that  H  and 
0  form  stable  compounds  with  C.  Thus,  e,g,,  coke-hairs  gave  Platz:  C  95.729, 
H  0.384,  comb.  O  3.887,  free  O,  0.715,  ash  none.  Phillips'  found  needle-coke  to 
be  composed  of  C  97.55,  H  1.12,  O  1.23,  N  0.00,  ash  o.io;  total  100.00,  S  0.27. 
The  amount  of  O  may  reach  8  percent.  According  to  Knublauch,*  31  to  36  per 
cent,  of  the  N  in  the  coal  remains  with  the  coke,  which  retains  about  0.7  per 
cent.  Rossigneux^  found  1.84  per  cent.  N  in  an  English  coke.* 

^  See  also  Weeks,  op,  cit,,  p.  22;  Moldenke,  Bull,  3,  Bureau  of  Mines,  1910. 

•  Thdmer,  Stahl  u.  Eisen,  1886,  vi,  77. 

»  Chem.  NewSj  1872,  xxv,  98;  Dingl,  Pol,  7.,  1872,  cciv,  470. 
^  "  Steinkohlen-Chemie,"  Engelmaim,  Leipsic,  1891,  p.  204. 
»  Emg.  Uin.  /.,  1897,  LXiv,  760. 

•  Stakl  u,  Eisen,  1885,  v,  436. 

»  Bull.  Soc.  Ind,  Min.,  1891,  v,  413. 

•  See  also  Short,  /.  Soc,  Chcm,  Ind.,  1907,  xxvii,  581. 

Bcrteismaim,  "Dcr  Stickstoflf  der  Steinkohle,"  Enke,  Stuttgart,  1904,  p.  86. 


i  j/>  GENERAL  METALLURGY 

Sulphur.^ — ^The  amount  varies  from  0.5  to  2.5  per  cent.  Good  inn 
bU»t-furnace  coke  should  contain  less  than  i  per  cent.;  best  coke  less  than aj 
\9$:f  cent.  In  smelting  sulphide  non-ferrous  ores,  the  percentage  of  Sin  od^eis 
of  minor  importance.  As  a  rule  the  coke  contains  less  S  than  the  coal  ben 
which  it  has  been  made  for  the  reason  that  its  main  source  is  FeSs  which  gives  up 
|iart  of  its  S  upon  heating.  There  are,  however,  cases^  in  which  the  percentage 
of  S  in  the  coke  is  higher  than  in  the  coal.  The  cause  of  this  is  that  while  the 
volatile  matter  is  expelled,  Fe^Oy,  CaO  and  MgO  may  combine  with  S  whid 
otherwise  would  be  volatilized.  Hence  coal  rich  in  Fe«Oy,  CaO  and  MgO  can- 
not give  coke  low  in  S.  Most  of  organic  and  sulphate  sulphur  of  the  coal  remain 
with  the  coke;  some  S  is  removed  in  quenching  the  coke.  As  a  rule  about 40 per 
cent,  of  the  S  of  the  coal  is  expelled  in  coking. 

Phosphorus. — The  percentage  of  P  in  coke  is  low,  0.0 1  to  0.03  per  cent 
Ail  the  P  of  the  coal  remains  with  the  coke. 

Kindling  Temperature. — Coke  begins  to  kindle  at  a  dull-red  heat  (about 
700**  C).  In  order  to  burn  it  requires  a  deep  layer  and  a  strong  draft;  single 
pieces  taken  from  the  fire  soon  grow  cold.  Coke  burns  without  flame  and  is, 
therefore,  an  excellent  fuel  when  heating  by  contact  or  radiation  is  required. 
The  calorific  power  of  coke,  after  deducting  ash  and  water,  is  about  8,100  caL 

124.  Modes  of  Coking. — The  manner  of  coking  has  to  be  adapted  to  the 
coal.    In  general'  it  may  be  said  that  it  is  difficult  to  obtain  a  good  blast- 
furnace coke  from  coal  containing  over  28  per  cent,  volatile  matter.     From  coal 
low  in  volatile  matter  a  satisfactory  blast-furnace  coke  may  be  obtained  by 
coking  quickly  at  a  high  temperature,^  from  coal  high  in  volatile  matter  by 
coking  slowly  at  a  low  temperature;  often  different  grades  of  coal  are  mixed  to 
obtain  the  desired  result.    Coal  is  frequently  crushed,*  and  washed  to  reduce 
the  percentage  of  ash  and  S.    The  bulk  of  the  water  of  washed  coal  is  removed 
by  draining,  while  the  coal  is  stored  in  pockets,  but  the  drained  coal  still  retains 
5  to  7  per  cent.  H2b.    This  water  is  disadvantageous  for  coal  requiring  quick 
coking,  and  may  have  to  be  removed;  it  is  advantageous  for  slow  coking,  and 
dry  unwashed  coal  is  sometimes  wetted  before  charging  into  the  oven.    Differ- 
ent grades  of  coal  are  more  easily  mixed  when  moist  than  when  dry;  moist 
c'oul  also  lies  more  compactly  in  the  ovens  than  dry;  the  water  finally  takes  up 
Kpace  otherwise  occupied  by  air. 

Choking  is  carried  on  either  in  heaps,  open  and  closed  stalls,  when  air  has 
limited  access  to  the  coal,  or  in  retorts  when  it  is  excluded.  In  the  former  case, 
f>iirt  of  the  fixed  carbon  is  consumed  to  furnish  the  necessary  heat,  and  the 
volatile  matter  as  a  rule  is  burnt  as  much  as  possible  in  contact  with  the  coal;  m 

*  Wu<"Hl- Wolff,  /.  /.  and  St.  /.,  1905,  i,  406. 
r<Mliii,  Am,  Min.,  1906,  ix,  87. 

Short,  y.  Soc,  Chem.  Ind.y  1907,  xxvii,  581. 
■  SiiiitncrHhach,  Stahl  u.  Eisen^  1898,  x\'iii,  18. 
'Shciflon,  Iron  Age^  1908,  lxxxi,  197. 
^Ilartmun,  hfrt.  Chcm.  Eng.y  1912,  x,  522. 

*  Jliiiiford,  Mines  and  Min,,  1907,  xxvii,  396,  coal-crushing  plant 


a  few  cases  part  of  the  volatile  matter  is  saved  and  converted  into  a  marketablft 
product  (waste-heat  coking-ovens).     With  retort-ovens,  volatile  matter  only  iS'  < 
burnt  in  flues  surrounding  the  chambers  which  contain  the  coal,  and  furnishes 
the  heat  necessary  for  coking.     While  at  first  all  the  gases  and  vapors  issuing 
from  a  retort  were  burnt,  now  part  of  them  are  first  extracted  as  by-products 
(tar,  ammonia)  and  the  more  permanent  gases  or  only  part  of  them  are  returned 
to  the  oven  and  used  as  fuel  for  coking,'  the  rest  being  available  for  heating  or 
illuminating  purposes.    The  by-products  have  become  the  basis  of  an  important 
industry,  and  especially  so  in  Europe.     In  England  and  the  United  Statevd 
where  coking  with  access  of  air  has  been  almost  exclusively  used,  retort-ovens  I 
are  replacing  the  older  apparatus. 

Coking  Ovens. — The  two  types  of  ovens  are  given  as  follows: 

I.  Coking  with  air  having  limited  access  to  coal. 

A.  Heaps. 

B.  Open  Stalls. 

C.  Beehives:  Ordinary  Beehives.     Modifications  of  Adams,  Thomas,  Aitken, 
Jameson,  Newton-Chambers,  Pernolet,  Hemingway,  etc. 

II.  Coking  with  air  having  no  access  to  coal. 
I.  Intermittent  Ovens: 

A.  Retort-ovens   with    vertical    chambers:  Ovens   of    Appolt,    Appolt-  J 
Schorr,  Bauer,  etc. 

B.  Retort-ovens  with  horizontal  chambers. 
a.  Vertical  Flues:  Ovens  of  Franjois-Rexrolh,  Copp6e-0tto,  Bernard^ 

Otto-Hoffmann,  Otto,  Otto-Hilgenstock,  Schniewind  or  United-Otto,  I 
Brunck,  Bauer,  Ruppert,  Collin,  Coppee,  Kopper,  Poetter,  MuUer, 
Kros. 
6,  Horizontal  Flues :  Ovens  of  Smet-Buttgenbach,  Simon-Carves,  Seibel^ 
Huessener,  Festner,  Collin,  Bernard,  Semet-Solvay,  Rothberg. 
3.  Continuous  Ovens: 

A.  Ovens  of  Lurmann,  Sheldon,  Woodall-Duckham. 
125.  Coking  with  Air  Having  Limited  Access  to  Coal  (Heaps).*— Coking  in  I 

'  Blauvdt,  "By-product  Coke-ovens,"  Mitt.  Ind.,  1895,  iv,  115;  1897,  vi,  171;  Free.  Am.  | 
Sot.  Mtck.  Eng..  1908,  xxx,  147;  Tr.  A.  I.  if,  £.,  1011,  xnv.  196. 

Lunse,  "Modern  Coke-ovens  and  their  By-producU,"  Win.  Ind.,  1896,  v,  179. 

SdmiewiDd,   "The  Manufacture  of  Coke  in  the  U.  S.  with  Special  Reference  t 
Marlcets  for  By-prod  at  U,"  litin.  Ind.,  1901,  x,  155;  190J,  xi,  158;  Tr.  A.  I.  if.  E.,  191a, 
xuv.  186. 

Firket,  "Fabrication  du  Coke,"  Ann.  Uin.  Belg.,  1903,  vni,  jgo. 

Hum,  "Les  Fours  k  Coke  h  Recuperation,"  Bail.  Soc.  Ind.  Min.,  1903.  u,  777. 

Byroro,  T.  H.,  and  Christopher,  J.  E.,  "Modern  Coking  Pmctice,"  Crosby,  Lock  wood  ft 
Son,  London,  1910. 

ilutmAR.  Proc.  Ent.Soe.  Wesl.  Pa.,  19:3;  Iron  Age,  19:*,  xc.Ss;  Iron  Tradt  Rev.,  191*, 
Lt,  309;  iia.  Chem.  Eng.,  1911,  x,  511. 

Herbst,  Inlemal.  Congr.,  DUssctdorf,  1910,  Vol.  Pruklischcs  Hilltenwcscn.  p.  115. 

Rau,  Jiti.,  p.  9S0. 

Lecocq,  Rn.  iftt.,  igu,  a,  681. 
•  Percy,  op.  cii.,  p.  45 », 

Wccki,  op.  cii.,  p.  Si. 
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heaps  is  the  earliest  method.  It  has  become  obsolete  on  account  of  the  fact  that 
it  requires  lump-coal  and  gives  a  small  yield  of  coke  (50  to  55  per  cent.  V5. 6oto 
70  per  cent,  in  ovens)  that  is  dirty  and  not  imiform  in  size  and  quality.  The 
operation  in  circular  heaps  consists  in  piling  coal  around  a  central  perforated 
brick  chimney,  kindling  the  coal  from  the  foot  of  the  chinmey,  checking  the 
fire  at  the  surface  from  the  base  to  the  top  as  soon  as  the  volatile  matter  has 
burned  off  by  giving  a  cover  of  coke-breeze  and  earth,  and  finally  smothering  it 
Heaps  18  to  30  ft.  in  diam.  and  5  to  6  ft.  high,  holding  about  20  tons  of  coal, 
burn  5  to  8  days,  cool  3  to  4  days,  and  are  then  watered  and  drawn.  Oblong 
heaps  were  once  used  by  the  Cambria  Iron  Co.^ 

126.  Open  Stalls  (Kilns).^ — A  coking  stall  is  44  to  60  ft.  long,  8  ft  wide  and 
5  ft.  high,  enclosed  by  brick  walls  having  air  openings  in  the  sides,  and  charging 
and  discharging  openings  in  the  ends.  This  method  is  an  improvement  on 
coking  in  heaps,  as  stalls  permit  the  use  of  small  coal,  and  as  the  temperature  is 
more  easily.regulated,  but  the  yield  is  still  small  and  the  quality  of  the  product 
uneven.    The  method  has  only  historical  interest. 

127.  Closed  Stalls  or  Beehives.' — Beehives  were  first  used  in  England 
about  1750,  and  were  introduced  in  the  United  States  in  1835. 

The  Ordinary  Beehive,  Figs.  136  to  139,*  commonly  used  in  the  United 
States,  is  a  dome-shaped  structure  (11  to  12  ft.  in  diam.,  6  to  7  ft.  high,  walls 
9  in.  thick)  of  siliceous  fire-brick*^  with  a  flat  sloping  (4  to  5  in.)  bottom  (tiles 
12  in.  sq.  and  3  in.  thick),  holding  5  to  6  tons  of  coal.  It  has  two  openings; 
one  in  the  crown  (12  in.  in  diam.  lined  with  silica-brick)  which  serves  as  charg- 
ing-opening  for  the  coal  and  as  outlet  for  the  waste  gases;  the  other,  an  arched 
door,  30X30  or  30X32  in.,  in  the  side  at  the  bottom  which  serves  as  inlet  for 
the  air  necessary  for  combustion,  and  as  a  drawing-door  for  the  coke.*  During 
the  coking,  it  is  closed  to  the  spring  of  the  arch  by  a  half  course  of  brick  laid 

^  Second  Geol.  Survey  of  Pa.,  Vol.  l,  p.  122. 

•  Percy,  op,  cit.,  p.  426. 
Weeks,  op.  cit.,  p.  85. 

•  Fulton,  op.  cil.y  p.  148. 
Weeks,  op.  cil.,  p.  86. 

Phillips,  Eng.  Min.  7.,  1897,  Lxrv,  726,  760;  1898,  lxv,  67. 

Keighly,  Am.  Mfr.,  1898,  lxiii,  481,  952;  1899,  lxi\%  14  and  543. 

Catlett,  Tr.  A.  I.  M.  £.,  1899,  xxix,  84;  1903,  xxxiii,  272. 

Bennen,  Mines  and  Minerals,  1901,  xxi,  387;  1901-02,  xxii,  no. 

Mullen-Fulton,  op.  cit.,  1903,  xxrv,  4. 

Editor,  Eng.  Min.  /.,  1906,  lxxxi,  267. 

Eavens,  Appal.  Eng.  Assoc,  1906;  Coll.  Guard.,  1906,  xcii,  597;  Mines  and  Minerals, 

1906,  XXVII,  80. 

Judd,  Eng.  Min.  J.,  1906,  lxxxii,  Sy 7;  Industrial  World,  1906,  XL,  711;  Mines  and 
Minerals,  i907,xxvii,  278;  Tr.  Eng.  Soc.  West.  Pa.,  1906,  xxii,  327. 
Galloway,  Historical  Notice,  Eng.  Min.  J.,  1909,  lxxxviii,  ii. 
Campbell,  Eng,  Min.  J.,  1909,  lxxxviii,  120. 
Beldin,  Eighth  Internal.  Congr,  Appl.  Chcm.,  New  York,  191 2,  Vol.  x,  p.  53. 

•  Eng.  Min.  /.,  1906,  lxxxi,  267. 

•  McKinley,  Mitus  and  Minerals,  1907,  xxvii,  313;  Campbell,  op.  cit.,  1908,  ill,  456. 

•  Peters,  Door,  Eng.  Min.  J .,  1910,  xc,  180. 


diy  and  plastered  over  with  clay.     Sometimes  the  bricks  are  enclosed  in  an  iron 
door-frame  which  is  hinged  or  suspended. 

The  ovens  are  built  in  single  banks,  Fig.  137,  or  in  double  banks,  when  the 
ovens  arc  placed  either  back  to  back 
or  are  nested,  Fig.  138.    The  ovens, 
as  many  as  150  in  a  row,  are  enclosed 
by  retaining  walls,  the  spaces  between 
the  ovens  and  walls  are  packed  with 
loam  which,  storing  up  heat,  reduces 
the  loss  by  radiation  and  keeps  the 
oven  walls  at  an  even  temperature.' 
The    ^ace    underneath   the   bottom 
should  be  tamped  with  at  least  3  ft 
of  clay  or  good  selected  loam  to  insure 
the  bottom  being  kept  dry  and  hot. 
Nesting  gives  compactness  to  the  struc- 
ture.   This  arrangement  is  believed  by 
some  coke-men  not  to  work  as  evenly 
IS  that  in  which  the  ovens  are  placed 
opposite  one  another,  back  to  back, 
is  less  heat  is  stored  up  in  the  smaller     . 
amount   of  loam  required  to  fill  the    i 
analler  space  between  the  side-  and  the    -o 
aven-walls.     Along  the  center  line  of    ^ 
%  double  row  of  ovens  is  placed  a  drain    | 
(not  shown)  to  draw  ofi  any  moisture     | 
Over   the  furnaces  is  a  track  (70-  to    ~ 
So-lb.  rails)  of  a  4-  to  6-ft.  gauge  havmg    ^ 
a  grade  of  i  in.:ioo  ft.     It  is  laid  mth    ^ 
iron  tie-pieces  and  carries  the  coal  cars    = 
(larries)  which  hold  a  fuel  charge.    The     = 
wharf   ("yard  level"  in  Fig.  136)  on 
the  front  is  2  It.  9  in.  to  3  ft.  below  the 
bottom   of  an  oven,  and  is  20  to  36, 
average  30,  ft.  wide  to  permit  storage 
of  coke.     It  is  7  to  ai  ft.  above  the 
track  of  the  railroad;  8  ft.  in  Fig.  136- 
Along  the  front  of  a  row  of  furnaces, 
about  3   ft.  underground,  is  a  3-  to 
(-in.  cast-iron  water-pipe,  from  which 
the  water  for  quenching  the  coke  is  Fic.  ij6.  Fig.  137. 

delivered  to  i  in.  stand-pipes  situated  between  the  ovens.    The  estimated  cost 
)f  the  plant  of  118  single-row  ovens  of  the  Joseph  Wharton  Coke  Works, 

>Lee,  Use  of  Concrete  for  Stonework,  Mines  and  ilintrals,  1910,  x\x,  479. 
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Indiana  Co.,  Pa.,  erected  in  1903,  was  $311.70  per  ofvcn.^    A  double  low 
would  be  somewhat  cheaper. 

Only  coal  which  is  high  in  volatile  matter  and  gives  with  a  low  tempera- 
ture a  dense  strong  coke  is  suited  for  the  bediive;  coal  that  is  low  in  volatile 
matter  and  requires  a  high  temperature,  furnishes  a  coke  that  is  porous  and 
weak. 

In  starting  a  new  plant,  either  all  the  ovens  are  dried  and  wanned  in  8  to  lO 
days  by  a  wood  fire,  adding  lump  coal  from  time  to  time,  or  only  a  dozen  ovens 
are  dried;  coking  is  begun  in  them  and  the  imperfect  coke  from  the  first  charges 
used  to  warm  the  other  ovens.  The  first  charge  for  the  warmed  oven  is  about 
100  bu.  (7,600  lb.)  coaL  Hot  coke  is  placed  in  front  of  the  oven  door;  the  lump, 
coal  from  the  dropped  charge  is  drawn  toward  the  coke  and  foDowed  by  the  fine 
coal;  the  door  is  closed  with  brick,  leaving  an  <^ning  near  the  floor.  The  first 
charge  vrill  be  finished  C'ofl/'  ''around'')  in  2  to  3  days;  the  coke  is  drawn  hot 
and  quenched  on  the  wharf.  It  is  an  inferior  product  C' off-coke")  and  is  sold 
or  reserved  for  warming  ovens.  The  second  charge,  115  bu.  (8,740  lb.)  coal,  is 
kindled  as  was  the  first;  it  is  sometimes  levded  in  the  oven;  coking  lasts  48  hr.; 
the  coke  may  be  slightly  watered  in  the  oven,  but  is  preferably  quenched  on  the 
wharf.  It  is  better  than  the  first  charge,  but  not  yet  normal.  Enough  heat 
has  now  been  stored  in  the  oven  to  ignite  the  third  charge  of  125  to  130  bu. 
(9,700  to  9,880  lb.).  Coking  lasts  48  hr.  and  may  furnish  a  fair  blast-furnace 
fuel.    The  fourth  charge  should  be  normal,  i.^.,  5  to  6  tons  of  coaL 

Supposing  an  oven  to  be  working  normally.    When  the  coke  has  been  drawn, 
a  new  charge  of  5  to  6  tons  b  dropped  through  the  opening  in  the  crown,  and 
leveled;  the  front  is  bricked  up  to  ^dthin  about  2  in.  from  the  top  and  daubed. 
In  leveling,  the  coal  is  not  only  spread,  but  lump  and  fine  coal  are  so  disposed 
as  to  be  evenly  distributed  and  to  leave  no  open  spaces.    The  charge,  about  23 
in.  deep,  cools  somewhat  the  parts  with  which  it  b  in  contact;  the  dome  of  the 
oven,  however,  remains  hot;  it  radiates  heat  and  starts  the  distillation  on  the 
surface  of  the  coal.    For  2  or  3  hours  a  black  smoke  issues  from  the  tunnd- 
head;  it  burns  ^dth  a  reddish-yellow  flame.    This  increases  in  size  as  the  oven 
grows  hotter  and  extends  about  4  ft.  out  of  the  tunnel-head;  it  gradually 
becomes  paler  and  in  about  10  hr.  after  charging  it  will  have  become  whitish; 
after  10  hr.  more  it  ^lill  be  thinner  and  shorter,  and  at  the  end  of  the  next  15  hr. 
it  will  just  reach  to  the  tunnel-head  and  then  draw  back  so  that  it  cannot  be 
seen;  small  blue  jets  (candles)  will  issue  here  and  there  from  the  coke  to  the  end 
of  the  48-hr.  coking  period.    The  composition  of  the  gases  varies  with  the  time 
at  which  they  are  taken,  the  character  of  the  coal,  the  dimensions  of  the  oven  and 
the  manner  of  operating.    Ebelmen^  analyzed  the  gases  from  a  beehive  at 
Seraing,  Belgium: 

Temperature  measurements  by  Campbell'  made  at  different  points  of  bee- 
hive ovens  are  shown  in  Table  1 14. 

*  Mines  and  Minerals,  1903-04,  xxiv,  5,  drawings  and  specifications. 

*  Ann,  Min.f  li^S',  xix,  139;  Berg.  HiiUenm,  Z.,  185 1,  x,  468. 
*Eng.  Min.  /.,  1909,  lxxxviii,  120. 
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Table  113. — Composition  of  Gas  from  Beehive  Coking  Oven 


COmpooents 


2  hours  after 
charging 


7.5  hours  after 
charging 


14  hours  after 
charging 


Smoke  black 
and  dense 


Flame  reddish, 


Flame  clear, 


bright,  no  smoke  I    small  in  volume 


COf. 
CO., 
CH|. 
H... 

N..., 


10.13 
4.17 
1.44 
6.28 

7798 


9.60 
3.61 
1.66 

367 
81.16 


1306 
2. 19 
0.40 
1. 10 

83.2s 


Average  of 

preceding 

analyses 


10.93 

342 

1. 17 

3.68 

80.80 


Table  114. — Temperatures  in  Beehive  Ovens 


Kind 

Time 

. 

Type  of  oven 

charge 

burnt 

Point  where  temperature  was  taken 

Deg.  C. 

Hours 

Hours 

Bank  Beehive 

48 

24 

Front  of  oven,  directly  inside  of  arch. 

87s 

Bank  Beehive 

48 

24 

Top  of  charge,  4  ft.  inside  of  arch .... 

1,010 

Bank  Beehive 

48 

24 

Crown  of  oven,  3  ft.  below  tunnel.. . . 

1,290 

Bank  Beehive 

48 

3Z 

Front  of  oven,  directly  inside  of  arch . 

830 

Bank  Beehive 

48 

33 

Top  of  charge,  4  ft.  inside  of  arch. . . . 

1,065 

Bank  Beehive 

48 

33 

Crown  of  oven,  3  ft.  below  tunnel .... 

1,230 

8-ft.  Rect 

48 

30 
30 
26 

Front  of  oven,  directly  inside  of  arch. 
Crown  of  oven,  3  ft.  below  tunnel .... 
Front  of  oven,  directly  inside  of  arch. 
Crown  of  oven,  3  ft.  below  tunnel .... 
Front  of  oven,  directly  inside  of  arch. 

1,050 
1,120 

8-ft.  Rect 

48 
48 

6-ft.  Rect 

980 
1,180 

6-ft.  Rect 

48 
48 

26 
30 

Bkxrk  Beehive 

845 

Block  Beehive 

48 

30 

Top  of  charge,  4  ft.  inside  of  arch. . . . 

1,050 

Bk>ck  Beehive 

48 

30 

Crown  of  oven,  3  ft.  below  tunnel 

1,370 

Bk>ck  Beehive 

48 

30 

Intersection    of    outside    arch    with 
front  wall. 

430  to  540 

Bank  Beehive 

72 

0 

Bottom  of  oven,  under  tile  at  center 
of  oven. 

260 

Bank  Beehive 

72 

72 

At  point  midway  between  tunnel  and 
over  arch. 

830 

Bank  Beehive 

72 

72 

Maximum  temperature  inside  tunnel . . 

1,260 

Bank  Beehive...!. . 

72 

72 

Bottom  of  oven,  under  tile  at  center 
of  oven. 

82s 

Bank  Beehive 

72 

72 

Bottom  of  oven,  top  of  tile,  after  16 
min.  watering. 

65 

z6 
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A  short  time  after  the  ignition  of  the  vapors  and  gases,  the  coal  will  frit  on 
the  surface,  fuse,  swell  and  begin  to  crack  downward,  thus  enabling  the  vapors 
from  below  to  pass  off.  The  surface  becomes  more  or  less  uneven  and  the  ends 
increase  in  size  as  the  coking  progresses  downward.  The  coke  near  the  tq>b^ 
comes  red-hot,  the  vapors  set  free  in  the  lower  part  of  the  charge  ascend  and 
passing  through  the  porous  coke  are  in  part  decomposed  and  give  up  some  of 
their  C;  the  bottom  becomes  hotter  until  finally  it  has  been  converted  into  red- 
hot  coke  broken  into  basaltiform  columns^  (needles)  by  the  vertical  cracks 
shown  in  Fig.  140.  While  coking,  the  sweUing  of  coal  may  cause  the  original 
a^^-in.  depth  of  the  charge  to  increase  to  31  in.    When  most  of  the  volatOe 

matter  has  been  driven  off,  the 
charge  will  shrink  and  the  coke  be 
only  21  in.  deep,  showing  a  slight 
depression  below  the  tunnd-head.* 
The  coke  is  now  quenched  in  the 
oven  for  15  to  35  min.,  requiring 
about  105  gal.  of  water  per  net  ton; 
the  tunnel-head  is  dosed,  the  coke 
drawn,  forked  and  loaded  into  cars 
by  two  men  in  2.5  hr.;  the  time  be- 
tween quenching  and  re-charging 
amounts  to  about  3.5  hr.  Mechan- 
ic al  coke-drawers'  have  been  constructed  in  order  to  hasten  the  discharge. 

The  coke  from  the  top  and  bottom,  and  from  near  the  door  of  the  oven  Is 
boftrr  and  more  porous  than  that  from  the  body.  On  the  top  of  the  bed  and 
hr>ur  the  door  are  found  the  ashes  of  the  coke  which  has  been  burnt.  By  proper 
<lr(ifting,^  the  burning  of  coke  can  be  reduced  to  0.5  per  cent,  of  the  F.C.  found 
liy  the  crucible  assay.  A  top  covered  with  a  film  of  fused  coke  (black  top)  is  a 
bf^n  of  excessive  heat  in  the  crown  which  melted'the  coal  too  quickly  and,  form* 
iiif{  u  hard  crust  impermeable  to  gases,  was  not  glazed  later  on.  A  bottom 
bhowing  an  inch  or  more  of  fused  uncoked  coal  (black  butt)  is  caused  by  drawing 


l'*i<i.  140. — Needle  structure  of  coke. 


I 
I 
I 


Srhreiber,  Stchl  u.  Eisen,  1904,  xxrv,  521. 

Kulton,  op,  cit.f  pp.  159  and  161  illustrates  these  changes. 
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MttcFarren,  Proc,  Eng,  Soc.  West,  Pa.^  1907,  xxiii,  451;  Iron  Trade  Rev,,  1907,  xu,  995, 

Wi«  kt'n,  Tr,  A,  I,  Af,  E.,  1906,  xxx\'i,  353. 

Nixon,  Eng.  Min,  7.,  1907,  lxxxiv,  119. 

Marmac,  Iron  Age,  1907,  lxxx,  1807. 
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the  oven  too  quickly  or  by  overchaTging  it  ot  by  running  it  too  hot.  Coke  with 
a  dull,  dark,  smoky,  dirty  appearance  is  obtained  when  there  is  insufficient  sup- 
ply of  air. 

In  drawing,  the  coke  is  forked  (1.5-in.  spaces  between  tines)  to  separate  fine 
coke  or  breeze  (a  to  3  per  cent.)  from  lump  coke. 

Coking  commonly  takes  48  br.  As  no  work  is  done  on  Sundays,  the  ovens 
charged  on  a  Friday  are  discharged  only  on  the  following  Monday;  they  thus 
make  ya-hr.  coke  which,  being  denser,  harder  and  stronger,  usually  goes  to 
foundries.*  The  yield  of  coke  varies  with  the  percentage  of  F.C.,  the  form  of  the 
oven  and  the  manner  of  working.  Fulton*  made  some  tests  in  a  beehive  (12 
ft.  diam.  X  6  ft.  9  in.  high)  with  Connellsville  coal  having  the  following  composi- 
tion: H  1.25,  V.M. 31.27,  F.C.  59.79,  ash 7. 16,80.53, Po. 034 percent.  Assum- 
ing 40  per  cent.  S  to  be  volatilized,  the  theoretical  yield  of  coke  would  be:  67.27 
per  cent.  He  obtained  from  43,650  lb.  of  coal,  with  four  48>hr.  charges,  66.17 
per  cent,  marketable  coke,  z.30  per  cent,  fine  coke  and  0.82  per  cent,  ash,  or  a 
total  of  68.47  per  cent.  The  increase  in  yield  of  1.75  per  cent,  over  the  theoret- 
ical more  than  makes  up  for  the  loss  by  combustion.  A  second  test  with  four 
72-hr.  charges  gave  from  41,650  lb.  of  coal  59.66  per  cent,  marketable  coke, 
3.28  per  cent,  fine  coke  and  0.82  percent,  ash,  or  a  total  of  62.94  per  cent.,  corre- 
sponding to  a  loss  of  6.45  per  cent,  of  the  theoretical  amount.  In  retorts  the 
same  coal  gave  79.20  per  cent,  coke  or  a  gain  of  11.64  P^^  cent,  upon  the  4S-hr, 
charges  in  the  beehive.  Phillips*  records  details  of  tests  with  48-,  72-  and  96- 
hr.  coke  made  in  a  beehive  oven  at  Birmingham,  Ala.  The  oven  was  i  i  ft.  in 
diam.,  and  26  in.  high  to  spring  of  arch.  The  coal  of  one  of  the  48-hour  tests, 
deducting  5  per  cent.  HjO,  weighed  11,024  Ih-  and  showed  the  following  com- 
position: V.M.  32.43,  F.C.  60.91,  ash  6.66,  S  1.91  per  cent.  The  coke  was 
sorted  with  a  fork,  21  in.  wide  with  i.s-in.  spaces;  it  gave  53.30  per  cent,  market- 
able coke  (V.M.  1.51,  F.C.  88.90,  ash  9.59,  S  1.37)  and  2.92  per  cent,  breeze 
(V.M.  r.47,  F.C.  56.00,  ash  42.53,  S  1.14).  The  black  ends  gave  upon  analysis 
V.M.  1.82,  F.C.  89.00,  ash  9.18,  S  1.29.  The  leading  results  are  summarized 
in  Tables  115  and  116. 

Table  115. — Chf.uical  Changes  of  Alabama  Coal  wren  Coked  in  Beehive  0\'f:ns 
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'  MolJinkc,  K.,  "Coke  Industry  ot  Iht'  U.  S.  as  Related  to  the  Foi 
nes,  1910. 

WUst-OiI,  SUM  u.  Eisrn.  1906,  xxvi,  841. 

Simmcnibuch,  vp.  cit.,  190Q,  xxix,  155:. 
^Op.cit.,p.  ijS. 
'  Eng.  Min.  J.,  1897,  lxiv,  72O,  760;  1898,  ucv,  67. 
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Table  ii6. — Physical  Properties  of  Alabama  Beehive  Coke  and  Time  of  Connc 


Time  of  coking 


Apparent      True 


specific 
gravity 


specific 
gravity 


Volume     Volume  of  cells 


of  cells, 
per  cent. 


in  loo  parts  by 
weight  of  coke 


Compiesiivt 

strength, 

lb.  per  sq.  in. 


Coke,  48-hr 
Coke,  72-hr 
Coke,  96-hr 


1.029 

1-913 

46.58 

0.87s 

1.78s 

52-22 

0.921 

1-839 

48.84 

46.29 
61.25 
54.30 


1.760 

3,200 
2,640 


The  irregularities  in  this  table  are  probably  due  to  the  dfficulty  of  obtaining 
true  samples. 

Cost  of  Coking. — Keighley^  gives  the  cost  of  a  ton  of  coke  in  1896  as 
^^•333^-  He  assumes  a  plant  of  300  ovens,  12X7  ft.,  producing  175,000  tons 
coke  per  year  from  a  coal  yielding  66.6  per  cent,  coke;  he  allows  5  years  for  the 
life  of  an  oven  (cost  $300)  and  $20  for  repairs;  6  per  cent,  interest;  a  sinking 
fund  of  $3000  per  year  assuming  the  field  to  be  worked  in  30  years: 

Table  117. — Cost  or  Coking  in  Beehive  Oven  (1896) 

1.5  tons  coal  delivered  at  60  cents $0. 9000 

Yard  expenses o. 3266 

Repair,  wear  and  tear o.  0343 

Interest  at  6  [>er  cent o. 0308 

Taxes,  insurance,  salesmen,  etc o. 0250 

Sinking  fund. 0.0171 

Si. 3338 
Coke-forking o.  0500 

$1.3838 

Fulton^  gives  the  cost  for  1899  as  $1.75;  d'InvilUers,*  assuming  a  plant  of 
500  ovens,  estimates  for  the  period  1899- 1903,  the  cost  of  producing  i  ton  of 
coke  in  the  Connellsville  region  with  a  yield  of  67  per  cent,  at  $1.2 16  (selling  price 
$2,304);  and  in  the  Reynoldsville  region  with  a  yield  of  57  per  cent,  at  $i.S3 
(selling  price  $2.06).  The  average  prices  of  i  short  ton  of  coke  at  the  ovens  in 
the  different  states  and  territories  of  the  United  States  are  given  in  the  U.  S. 
Geol.  Survey  in  the  annual  Mineral  Resources  of  the  U.  S.  Thus  in  19 10,  the 
lowest  cost  was  $1.83,  Virginia,  the  highest  $5.83,  Washington,  the  average 
being  $2.39. 

128.  Modified  Beehive  Ovens. — In  order  to  reduce  the  arduous  and 
lengthy  work  of  drawing  coke,  attempts  have  been  made  to  change  the  form  of 
the  oven. 

*  Am.  Mfr,,  1898,  LXiii,  734. 

*  Op.  cit.y  p.  346. 

*  Tr.  A.  I.  M.  E.f  1905,  xxx\',  44;  Mines  and  Minerals,  1904-05,  xxv,  313. 
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The  Adams  Improved  Beehive^  has  a  movable  bottom  which  is  raised  and 
lowered  by  means  of  an  hydraulic  ram  running  on  rails  under  a  row  of  ovens. 
The  Thomas  Coke-Oven^  is  an  oblong  arched  chamber  with  swinging  doors  at  the 
ends;  the  coke  b  drawn  out  in  a  body  at  the  front  by  means  of  chain  and  drag. 
The  Rainey  Oven*  is  similar. 

With  the  ordinary  beehive  all  the  excess  heat  and  by-products  go  to  waste. 
The  heat  of  the  burning  gases  issuing  from  the  tunnel-head  has  been  utilized 
for  the  generating  of  steam.*  Attempts  have  also  been  made  to  modify  the  bee- 
hive in  such  a  manner  as  to  permit  the  recovery  of  by-products.  Internally 
fired  ovens,  however,  furnish  little  NHj  and  the  tar  formed,*  being  a  low-tem- 
perature product,  resembles  rather  an  oil;  it  is  rich  in  paraffine,  but  yields  no 
benzole  or  anthracene,  and  has  a  low  market  value.  Ovens  of  this  type  are 
those  of  Aitken,*  Jameson,^  Newton-Chambers.* 

The  ovens  of  Pernolet,*  Hemingway,  ^®  and  others  form  the  transition  between 
the  internally  fired  beehive  and  the  externally  fired  retort. 

129.  Coking  with  Air  Having  no  Access  to  Coal. — In  coking  with  exclusion  of 
air,  the  coal,  contained  in  an  oblong  narrow  retort  of  siliceous  fire-brick  or 
silica  brick^'  is  subjected  to  destructive  distillation  by  burning  all  or  only  part 

*  McKdvey,  CoU.  Engr,,  1889-90,  x,  130. 
Fulton,  CoU,  Engr.,  1890-91,  xi,  8. 

'  HOI,  Ala.  Sc.  Ind,  Soc,  1891, 11,  86. 

'  Eng.  and  Min.  /.,  1892,  uv,  512;  Iron  Age^  Oct.  27,  1892. 

Fulton,  op,  cU,,  p.  164. 

Iron  Trade  Rev,,  Nov.  22,  1906. 
^Ramsay,  Ala,  Sc,  Ind,  Soc,  1893,  in,  40,  62. 

Bowron,  Coll,  Engr,,  1897-98,  xvni,  60. 

Wood,  Eng,  and  Min,  /.,  1897,  lxiv,  369. 

Eavenson,  Mines  and  Minerals^  1905,  xxv,  587. 

Judd,  Eng,  and  Min,  /.,  1906,  lxxxii,  880;  Proc,  Eng.  Sac.  West.  Pa.,  1906,  xxn,  327. 

Allard,  Mines  and  Minerals,  1908,  xxvni,  387. 

Affelder,  op,  cU.,  1908,  xxdc,  195. 

Elliot,  op,  cil,,  1909,  XXIX,  352. 

Martin,  op.  cit,,  1909,  xxx,  129. 

Reynolds,  op,  cU,,  191 2,  xxxm,  135. 

Guiterman,  Eng.  and  Min.  /.,  1908,  Lxxxvm,  loii. 

Hall,  Coal  Age,  191 2,  i,  936. 

Sheridan,  Tr,  A,  I,  M,  E,,  1909,  xl,  354;  Mines  and  Minerals,  19 11,  xxxn,  142. 

*  Lunge,  Min,  Ind,,  1896,  v,  186. 

*  North  Engl,  Instil,  Min,  Eng.,  1879,  xxrx,  81;  Min.  Ind.,  1895,  rv,  219. 

^  Eng.  and  Min,  /.,  1883,  xxxvi,  248;  /.  /.  and  St.  /.,  1883, 11,  504;  Stahl  u.  Eisen,  1883,  ni, 

549,  423,  S^Sf  564. 

*  Tr.  A.  I.  M.  E,,  1896,  XXVI,  340,  347;  Iron  Age,  Oct.  3,  1895;  Min.  Ind.,  1905,  iv,  219. 

*  North,  Engl,  Instil.  Min.  Eng.,  1872-73,  xxn,  3;  Rev.  Un.  Min.,  1883,  xiv,  146;  Bull.  Soc, 
Ind,  Min.,  1891,  v,  454;  CoU.  Engr.,  1889-90,  x,  147. 

^^  Eng,  and  Min.  J.,  1900,  lxk,  142;  Iron  Age,  Jan.  8,  1900;  Mines  and  Minerals,  1901, 
oa,  412;  CoU,  Guard.,  1901,  lxxxi,  1078. 

**  Hartmann,  Proc,  Eng.  Soc,  West.  Pa.,  191 2,  xxviii,  313. 

Destruction  of  brick:  Schreiber,  Stahl  u.  Eisen,  1910,  xxx,  1839;  Kossmann,  op.  cit.,  1911, 
f,  730. 
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of  the  combustible  volatile  matter  of  the  coal  in  flues  surrounding  it.  A  nnisbci 
of  retorts,  i3  to  60,  and  in  recent  years  120,  are  united  to  a  block  toreducttbe 
loss  by  radiation  and  to  diminish  the  cost  of  plant  and  management.  Cokint 
In  retorts  had  its  origin  In  Belgium  in  1843;  the  term  Belgian  oven  was  onceustd 
synonymously  with  retort-oven. 

The  destructive  distillation  in  a  retort  proceeds  gradually 
from  the  hot  walls  to  the  center  of  the  charge,  as  indicated'  in 
Fig.  141 ,  the  largest  evolution  of  gas  occurring  in  the  second  and 
third  hour.     The  rise  of  temperature  in  the  retort  is  shown  io 
Figs.  142  and  143*  which  represent  measurements  made  in  an 
Otto-Hoffmann    oven   (§131)   at   Sydney,    N.    S.     The  seven 
curves  form  three  groups.     Curves  i,  3  and  5,  near  the  heating 
H  H  fr    .  walls,  show  a  gradual  and  continuous  rise  of  temperature.    In 
rBIIHIIlFi        the  retort  a  crust  of  coke  forms  quickly  near  the  walls  and  the 
heat  must  penetrate  this  crust  which,  being  a  poor  conductor  of 
heat  and  increasing  in  thickness,  retards  the  coking  as  it  pro- 
gresses toward  the  center.     Curves  3, 4  and  6  in  the  center  of 
the  charge  show  that  for  one-half  of  the  entire  coking  period  a 
low  temperature  of  from  icx>  to  300°  C.  prevails  and  prove  that 
,  during  that  time  the  center  will  not  only  not  lose  any  volatile 
j,^  matter,  but  will  act  as  a  condenser  of  heavy  volatile  hydro- 
carbons.    As  the  two  coking-zones  approach  each  other,  the 
temperature  will  rise,  and  meeting,  will  drive  off  the  last  of 
the  volatile  matter.    Curve  7  shows  that  the  temperature  of  the  top  of  the 
charge,  which  is  not  in  contact  with  any  heating  surface,  rises  comparatively 
quickly  to  a  maximum  and  then  remains  constant.     Similar  data  have  been 


Figs.  141  and  143. — Rise  of  tcinperaCutc  in  retort. 

obtained  by   Hilgenstock'  and  Hussener^  in  their  ovens.     A  cake  of  retort 

'  Circular,  United  Otio  Coke  and  Gas  Co.,  1906,  p.  ji. 

>  itin.  Ind.,  1902,  H,  160;  Tr.  A.  I.  M.  £.,  icjoj,  xxxiii,  776. 

'  Stahi  u.  Eisen,  1904,  xxiv.  449. 

*  /.  /.  and  St.  I.,  1904, 1,  188;  Tr.  Inst.  Min.  Eng.,  1906,  xxxi,  4613. 


coke'  then  shows,  Fig.  144.°  a  vertical  division  plane  through  the  center  which 
is  split  into  branches  toward  top  and  bottom;  it  will  also  be  fissured  more  or  leas 
at  right  angles  to  the  heating  planes;  again,  the  coke  near  the  heating  surfaces 
which  has  been  exposed  a  longer  time  to  a  high  temperature  will  be  denser  and 
harder  than  that  near  the  center,  where  will  be  found  the  "black  butts"  made 
on  the  bottom  of  the  beehive.  If  the  temperature  in  coking  is  kept  low,  the 
heavy  volatile  hydro-carbons  will  not  be  satisfactorily  decomposed;  too  large 
a  portion  will  be  condensed  in  the  center  and  form  there  a  soft  and  spongy 
coke.  In  coking,  part  of  the  HiO  in  the  coal  passes  off  as  vapor,  especially  at 
the  beginning  of  the  process;  later,  most  of  it  is  decomposed  by  C  giving  a 
mixture  of  H,  CO  and  C0»,  the  COj  of  which  is  reduced  by 
incandescent  C  to  CO. 

The  gases  and  vapors  at  first  set  free  by  the  contact  of  coal 
with  hot  walls  are  rich  in  C,H,.  They  pass  upward  rapidly  in 
the  space  left  open  by  the  shrinking  of  the  coal  and  are  pre- 
vented by  the  presence  of  moisture  from  being  decomposed  to 
any  extent  into  C  and  CH4.  As  coking  progresses,  they  are  more 
and  more  decomposed  into  C,  CH*  and  a  small  decreasing 
amount  of  C„Hn;  a  small  portion,  however,  remains  unchanged 
and  is  colkcted  in  the  form  of  tar.  This  is  formed  especially 
during  the  first  or  cool  period  of  coking.  In  general,  a  low  tem- 
perature (800°  C.)  in  coking  gives  much  tar  and  little  gas;  the 
reverse  is  the  case  with  a  high  temperature  (1,200"  C).  The 
N  of  the  coal  passes  off  either  unchanged  or  partly  in  the  form 
of  NjH;  its  diminution  is  quite  uniform  during  the  entire  proc-  ,-  ! '"',  '^^' 
ess.  Mayer-AItmayer'  found  that  NHj  is  slowly  decomposed  oven  coke, 
at  elevated  temperatures  ( >  900°C.)  and  especially  when  pres-  ■ 

ent  only  in  small  amounts  as  is  the  case  with  coke-oven  gas.     The  yield  de4 
pends  upon  the  character  of  the  coal,  the  amount  present  in  the  gas,  and  the 
time  NHi  remains  in  contact  with  the  incandescent  charge  or  hot  retort-walls;  it 
is  highest  at  about  800°  C.    The  subject  has  been  recently  discussed  by  J.  R. 
Campbell* 

From  what  has  been  said,  it  is  dear  that  it  is  important  to  keep  the  tempera- 
ture of  a  retort  uniform,  as  only  with  an  even,  correctly  adapted  temperature 
will  the  coke  and  by-products  show  the  desired  physical  and  chemical  properties. 
In  1897  a  very  complete  investigation  into  the  process  of  coking  was  made  by 
Schnicwind'  in  an  Otto-Hoffmann  oven  at  Glassport,  Pa.',  while  testing  the 
coal  of  the  Dominion  Coal  Co.,  Cape  Breton,  which  was  to  serve  as  and  was  later' 

'  StaU  u.  Eiien,  igo4,  xxiv,  521. 

»  Circular,  United  Otto  Coke  and  Gas  Co.,  1906. 

*J.  GasbeleuehlVHt,  190;,  l,  35,  49. 

*Prac.  Etg.  5m.  Wut.Fa.,  19:1.  Vol.  xxMIl,  p.  318;  Met.  C\«m.  Eng.,  iQii,  X,  iH- 

^HofnuD,  E*t.  and  tfiit.  J.,  1898,  lxvi,  428,  458, 
Schnlcwind,  Profresiitt  Aft,  Oct.  15,  1901;  J./Ur  GaiMmehlUHg,  xgoi,  XLV,  115,  141. 

*  tr^n  Agi,  Nov.  11.  181)7. 

'  Pwt  ot  the  Cape  Breton  coal  has  been  replaced  (1913)  by  coal  [rom  W.  \a. 
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the  coal  used  by  the  New  England  Gas  &  Coke  Co.  for  making  illummatins 
gas  for  the  city  of  Boston,  and  coke  for  boiler-,  domestic-*  and  blast-furnace  ust 
While  the  results  obtained  refer  strictly  to  a  special  coal,  form  of  oven  and  mode 
of  working,  the  data  fiirnish  an  excellent  illustration  of  what  generally  takes 
place  in  a  retort-oven.    The  block  in  which  the  tests  were  made  contained 
30  retorts,  33  ft.  long,  5  ft.  10  in.  high  and  20.75  i^*  wide.    Of  these,  one  was 
reserved  for  the  tests,  being  heated  by  the  gas  of  the  other  29.    The  coal  had 
the  following  ultimate  composition:  C  75.10,  H  3.75,  N  1.51,  0+S  13.80,  ash 
5.84;  total  100.00.    The  proximate  analysis  gave:  V.M.  34.60,  F.C.  59.56,  ash 
5.84;  total  100.00.    The  average  weight  of  a  charge  was  14,591  lb.,  which, 
deducting  9.9  per  cent.  H2O,  corresponds  to  13,602  lb.  dry  coal.    The  average 
coking   time  was    33   hr.    54  min.     A    summary  of   the    results  obtained 
per  long  ton  of  coal,  the  volumes  having  been  reduced  to  weights,  is  given  in 
Table  118. 


Table  118 — Products  from  Coking  in  a  Retort-oven 


Products  from  i  long  ton  of  coal 


I  Large  coke,  >  i",  66.69  P^r  cent. 
Small  coke,  1 — i",  i .  64  per  cent. 
Breeze,  <  i"i    2 .  80  per  cent. 

Tar 

Ammonia  ( =  i . 373  per  cent,  sulphate) 

Gas,  total,  10,390  cu.  ft.  of  0.466  sp.gr 

Sulphur  compounds  in  gas: 
Hydrogen  sulphide  (HjS),  0.98  lb.  per  1,000  cu.  ft. 
Carbon  disulphide  (CSj),  0.13  lb.  per  1,000  cu.  ft.. 
Gas  liquor  and  loss,  by  difference 


Total. 


2,240.0 


Pounds 

Percent 

1, 593- 4 

71  13 

75. 7 

3.38 

7.6 

0.34 

368.0 

16.43 

10.8 

0.48 

1.6 

0.07 

182.9 

8.17 

100.00 


Of  the  10,390  cu.  ft.  of  gas,  49.5  per  cent,  was  surplus  gas,  that  is,  gas  not  re- 
quired for  the  heating  of  the  oven.    This  had  the  following  composition: 

defines,  CmHn,  52        Marsh  gas,  CH4,  38.7        Hydrogen,  Hs,  38.4 

Carbon  monoxide,  CO,  6 . 1         Carbon  dioxide,  CO, ,     3.6        Oxygen,  Os,         0.3 
Nitrogen,  N2,  7.7  Total,  100. o 


Its  calorific  power  (H2  burnt  to  liquid  water)  was  686  B.t.u.,  its  candle-power 
14.7,  and  its  specific  gravity  (air=i)  0.510. 

The  coke,  a  fair  blast-furnace  fuel,  showed:  V.M.  1.27,  F.C.  and  S  69.82, 
ash  8.91;  total  100.00,  P  0.0041,  H2O  3.67.  The  tar,  sp.  gr.  1.170,  gave  upon 
fractional  distillation  the  products  shown  in  Table  119. 

^  Eng,  and  Min,  /.,  1906,  lxxxi,  i  143. 


FUEL 


249 


Table  119. — Fractional  Distillation  op  Coke-oven  Tar 


l«btoa 

ICkkfleofl 

Heavy  oil 

AnUincene  oil. 

Pftch 

Wtter 

LOBB 


Total.. 
Sp.  gr.. 


Fractions 


Temperature, 


80-170 
170-230 
230-270 
over  270 


International 
Coal 


3-7 
9.8 

12.0 

4.3! 
67.0/ 


71.3 


2.3 
0.9 


100.00 
1. 170 


Of  the  NH|  in  the  gas  liquor  96.6  per  cent,  was  present  as  free  NHj.  As  the 
ultimate  analysis  had  given  1.51  per  cent.  N,  and  as  the  0.34  per  cent.  NHj 
recovered  contains  0.28  per  cent.  N,  18.5  per  cent,  of  the  N  of  the  coal  had  been 
converted  into  NH|  (13  to  15  per  cent,  is  a  common  figure).  Of  the  three  accom- 
panying diagrams,  Fig.  145  gives  the  average  analyses  of  the  gases  of  4  charges, 
samples  having  been  taken  and  analyzed  every  2  hr.;  Fig.  146  the  calorific 
power,  specific  gravity  and  candle  power;  and  Fig.  147  the  total  volume 
of  gas  obtained  from  one  long  ton  of  dry  coal,  its  calorific  power,  and 
the  relation  of  this  calorific  power  to  the  total  amount  of  heat  required  for 
coking. 

Fig.  145  is  a  graphical  representation  of  the  average  analyses  of  the  gases  from 
the  four  separate  charges.  The  percentage  of  marsh-gas  (CH4)  shows  a  rapid 
decline,  and  this  is  especially  the  case  toward  the  end  of  the  coking  operation. 
It  is  accompanied  by  a  corresponding  increase  of  hydrogen  (H),  which  reaches 
nearly  67  per  cent.,  or  nearly  80  per  cent,  if  figured  for  gas  free  from  oxygen  and 
nitrogen.  The  curve  of  carbon  monoxide  (CO)  shows  the  percentage  of  this  gas 
to  vary  between  the  narrow  limits  of  5.4  and  6.8  per  cent.,  a  very  low  figure. 
The  olefines  (CmHn)  remain  at  a  constant  figure,  6  1/2  per  cent,  for  the  first 
5  hr.,  and  then  diminish  at  a  uniform  ratio  to  the  end  of  the  operation. 
The  percentage  of  carbon  dioxide  (CO2)  is  constant  for  the  first  20  hr.,  ranging 
at  from  3  to  4  per  cent.,  and  then  decreases  gradually  to  i  per  cent.  Oxygen 
(O)  and  nitrogen  (N)  are  accidental  impurities.  The  oxygen  gets  into  the  gas 
through  leaky  joints  and  amounts  to  about  0.3  per  cent.  The  average  percent- 
age of  nitrogen  during  the  first  14  hr.  and  46  min.  is  seen  to  be  7.7  per 
cent.;  that  of  the  last  19  hr.  and  10  min.,  9.1  per  cent.  It  remains 
pretty  constant  up  to  the  twenty-third  hour,  and  then  increases  rapidly.  It 
has  its  origin  in  the  destructive  distillation,  which  accounts  for  2-3  volumes, 
and  in  leakages  which  permit  the  entrance  of  air.  The  large  increase  toward 
the  end  is  explained  by  the  diminished  volume  of  gas  generated  in  the  oven 
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and  the  consequent  decrease  of  pressure.    The  percentage  of  nitrogen  is  lu^  I 
and  does  not  exceed  5  per  cent,  under  normal  working  conditions. 

Fig.  146  gives  the  calorific  power,  the  specific  gravity,  and  the  candle  pom 
of  the  gas.    The  calorific  power  at  the  beginning  is  about  685  B.tu.    It  risa   I 
quickly  to  775  B.t.u.,  then  drops  quickly  until  the  seventh  hour,  and  more 
slowly  until  the  twenty-second  hour,  after  which  it  drops  more  quickly  thanal 
first  until  the  end  of  the  operation.    The  curve  of  the  specific  gravity  runs  almost 
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Fig.  145. — Composition  of  gas  evolved  in  coking 

parallel  to  that  of  the  calorific  power,  except  that  the  drop  is  not  quite  so  rapi( 
Toward  the  end  the  specific  gravity  is  slightly  higher,  which  is  due  to  the  increa: 
in  the  percentage  of  nitrogen.  The  candle  power  is  seen  to  drop  rapidly  durin 
the  first  seven  hours,  then  slowly  to  the  twenty-fourth  hour,  when  the  declii 
is  again  very  rapid,  so  that  toward  the  end  the  gas  has  no  illuminating  vain 
whatever. 

Fig.  147  gives  a  graphical  representation  of  the  total  volume  of  the  gi 
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btained  from  i  long  ton  of  dry  coal,  its  calorific  power,  and  the  relation  of  this 
>  the  total  amount  of  beat  required  for  coking.  The  volume  of  gas  obtained 
seen  to  remain  almost  constant  during  the  first  24  hr. ;  in  the  twenty-second 
id  twenty-third  hours  there  is  an  increase  in  volume,  followed  by  a  rapid 
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"ic  146. — CalMific  power,  specific  gravity,  and  candle  power  of  gas  evolved  in  cokiug. 

Jine.  The  increase  b  due  to  the  fact  that  the  last  thin  layer  of  coal  in  the 
iter  of  the  oven  is  heated  from  both  sides  instead  of  only  from  one  side,  as 
( the  case  up  to  that  time,  the  coal  having  received  its  heat  chiefly  from  the 
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side  wall  contiguous  to  it.  The  sudden  drop  is  explained,  of  course,  by  thefid 
that  the  last  of  the  coal  has  been  heated  to  the  coking  temp^atuie.  The 
heat  value  of  the  gas  is  seen  to  keep  pace  pretty  evenly  with  the  vtdunt 
Combining  the  results  of  the  three  diagrams,  three  periods  in  the  process  cu 
be  distinguished.  The  first  period,  lasting  9  hr.,  is  one  of  declining  vihie 
of  gas.  The  percentage  of  marsh  gas  diminishes;  that  of  hydrogen  grovs;  the 
calorific  power  is  reduc^  from  775  to  685  B.t.u.;  the  specific  gravity  dnp 
from  0.550  to  0.490  and  the  candle  power  from  iS  to  13  1/3.    The  second 
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Fig.  147. — Volume  and  heat  value  of  gas  evolved  in  coktivg,  and  beat  requited  (or  coking 


period,  reaching  from  the  ninth  to  the  twenty-second  hour,  produces  gas  of 
almost  constant  quality.  The  percentages  of  marsh  gas  and  hydrogen  are  very 
little  changed;  the  calorific  power,  specific  gravity,  and  candle  power  are  pretty 
constant.  The  third  period  is  again  one  of  declining  value  of  gas.  The  per- 
centage of  marsh  gas  diminishes  rapidly,  with  a  corresponding  increase  in 
hydrogen;  the  calorific  power,  specific  gravity,  and  candle-power  show  a  nfud 
decline.  The  decrease  in  volume  is  very  gradual  up  to  the  twenty-second 
hour,  when  (for  reasons  given  above)  there  is  a  small  increase  in  the  twenty- 
third  hour  which  is  followed  by  a  rapid  decline.  The  gas  of  the  first  period, 
after  purification,  can  be  advantageously  used  for  illuminating  purposes; 
that  of  the  second  period  for  heating  the  ovens,  and  that  of  the  third  period, 
after  having  been  purified  and  enriched  with  benzole  or  oil  vapors,  or  with 
oil  gas,  can  be  mixed  with  that  from  the  first  period.    This  last  gas,  being  so 
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rich  in  hydrogen,  b  especially  adapted  to  serve  as  a  carrier  of  hydro-carbon 
vapors. 

A  question  still  to  be  settled  is,  How  much  of  the  gas  is  required  to  heat  the 

oveos?    It  was  stated  at  the  beginning  that  the  test  oven  had  been  heated  with 

the  gas  from  the  other  29  ovens  of  the  block.    The  amount  of  gas  required  per 

chaige  of  13,602  lb.  dry  coal  was  36,169  cu.  ft.    As  its  calorific  power  was 

499.3  B.tu.,  the  amount  of  heat  required  was  36,169X499.2  =  1,805,564  B.t.u. 

The  heat  constunption  of  i  long  ton  for  the  entire  coking  time  (33  hr.,  56 

min.)  was  therefore  2,973,680  B.t.u.,  or  of  i  long  ton  for  i  hr.,  87,633  B.t.u., 

further  the  heat  consumption  per  oven  per  hour,  532,090   B.t.u.    This  is 

graphically  represented  in  Fig.  147  by  the  shaded  area.    This  figure  shows  that 

up  to  and  including  the  twenty-ninth  hour  the  heat  value  of  the  gas  produced 

is  greater  than  that  required  for  coking,  but  after  that  time  there  is  a  lack  of 

heat  which  would  have  to  be  supplied  in  case  the  ovens  were  exclusively  heated 

by  coke-oven  gas  and  blast-furnace  coke  was  to  be  produced.    If  the  coke  is  to 

be  used  for  domestic  purposes  or  as  a  boiler  fuel,  a  softer  coke  is  more  desirable 

and  the  coking  can  be  advantageously  interrupted  at  the  twenty-ninth  hour  and 

the  amount  of  gas  represented  by  the  area  ABC  saved.    With  ovens  18  in. 

wide  instead  of  20  3/4  in.,  this  can  be  done  even  sooner. 

Retort-ovens,  as  stated  on  page  237,  can  be  divided  into  two  classes.  With 
one  dass  (Non-Recovery  Ovens)  all  the  gases  and  vapors  set  free  in  coking  pass 
with  their  initial  heat  directly  into  the  heating-flues  and  are  burnt.  With  the 
other  class,  the  volatile  matter  is  first  cooled  to  recover  the  condensable  part  as 
a  by-product  (By-product  Recovery  Oven),  and  only  the  more  permanent 
gases,  as  much  as  may  be  necessary,  are  returned  to  the  heating-flues.  A 
special  method  of  handling  the  volatile  matter  with  by-product  ovens  is  that 
inaugurated  by  Schniewind  in  1897  at  the  Everett  gas  works,  Boston,  in  which 
the  volatile  matter  set  free  during  the  first  coking  period  (rich  in  illuminating 
gas  CxHy  and  low  in  H)  is  purified  by  itself  and  furnishes  illuminating  gas, 
while  that  of  the  second  period  (rich  in  H  and  low  in  illuminating  gas  Cx^y) 
after  purification  serves  for  heating  the  retorts.  Cooling  the  gases  to  15-20®  C. 
represents  a  loss  in  heat  amounting  to  40  per  cent.^  of  the  total  heat  of  the  gases 
as  they  leave  the  oven.  However,  the  by-products  recovered  and  the  additional 
yield  of  coke  more  than  make  up  for  this  loss  when  there  is  a  suitable  market 
for  tar  and  ammonia.  Most  modern  retort-ovens  have  by-product  plants. 
The  additional  )rield  of  coke  in  by-product  over  non-by-product  plants  is 
due  to  the  fact  that  the  ovens  of  the  former  class  are  run  with  a  slight 
internal  pressure  of  gas  which  excludes  any  access  of  air  by  leakage,  while 
those  of  the  latter  are  run  with  a  slight  vacuum. 

130.  Retort-ovens  with  Vertical  Chambers.    The  Appolt  Oven.^ — The 

^  Lunge,  Min,  Ind.^  1896,  v,  182. 
*  Percy,  op.  cit.,  p.  444. 

Weeks,  op.  cU.,  p.  93. 

Jordan,  "Album  to  Course  of  Lectures  on  Metallurgy,"  Baudry,  Paris,  1877,  full  drawings. 

Appcdty  Ann.  Min.,  1858,  xui,  417. 

JuOienilAD,  Bail.  Soc.  Ind,  Min.,  1858,  iv,  24,  45. 
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oven,  represented  in  Fig.  148,'  is  an  oblong  bIo(^  (49  ft.  4  in.  long,  23  ft.  vide 
and  33  ft.  7  in.  high)  containing  ij  to  18  pyramidal  vertical  fire-brick  retnti 
a  (48X18  in.  at  base,  44X13  in.  at  top,  13  ft.  long,  walls  4.75  in.  thick)  which iie 
spaced  7.75  to  9.75,  av.  8  in.  apart,  strengthened  by  binders  d,  and  sunousded 
by  combustion  chambers.  The  charging  hoppers  are  closed  by  lids  c  and  tbc 
discharging  openings  by  hinged  cast-iron  doors  b.  The  side-walls  of  a  lelort 
rest  on  cast-iron  frames  which  are  supported  lengthwise  by  brick  arches,  h 
the  vault  underneath  them  run  cars  to  receive  the  coke.    The  space  hetweeo  in- 
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brick  combustion  chamber  and  outer  wall  of  red  brick  is  filled  with  sand  or  other 
loose  poor  conductor  of  heat  to  diminish  the  loss  of  heat  by  radiation  and  to  pro- 
vide for  an  expansion  space.  The  volatile  matter  set  free  in  coking  passes  out 
through  slits  e  and/in  the  sides  and  ends  of  a  retort  into  the  dues  g;  it  is  burnt  by 
air  admitted  from  the  bottom  through  i  and  from  the  side  through  k.  The  nine 
lower  slits  e  (5  X0.75  in.)  on  a  side  are  situated  16  and  14  in.  from  the  bottom;  the 
three  slits  in  the  lower  ends  are  similarly  placed;  there  are  three  upper  slits  to  a 
side.  The  products  of  combustion  pass  off  through  one  or  two  sets  of  horizontal 
flues  (not  shown)  into  vertical  flues  k  and  /,  ending  in  the  main  flues  n  and  m 
leading  to  the  four  chimneys  of  a  block.  Rods  p,  square  at  one  end  to  permit 
turning  with  a  key,  pass  through  iron  pipes  to  the  hinged  doors  A;  dampers  « 

Rejtroth-dzicr,  iSsp,  v,  428,  593. 

Baroulicr,  1865,  IX,  469. 

V£ri(il,  1869,  XV,  77. 

RosstgncuT,  1891,  V,  450. 
'  Bcckcrt,  Th.,  Lcitfadcn  zur  EiscnbUllcnkunde,  SprEngci,  Berlin,  1S9S,  I,  Qa. 
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serve  to  regulate  the  draft;  square  peep-holes  are  placed  above  the  air-inlets  | 
k.  In  some  later  furnaces'  division  walls  have  been  introduced  in  order  t6.M 
permit  a  better  control  of  the  travel  of  the  products  of  combustion  and  thutfl 
obtain  a  more  even  beating  of  the  retorts.  At  Blanzy'  the  retorts  have  beeojl 
built  up  with  unburnt  bricks  and  these  then  baked  in  place,  an  operation  whidtfl 
takes  about  three  weeks  careful  firing.  M 

Firing  a  New  Oven.— In  starting  a  new  oven,  the  retorts  are  gradually! 
warmed  and  brought  in  eight  to  ten  days  to  a  temperature  of  1,200  to  1,400°  C.  I 
For  this  purpose  a  temporarj'  grate  is  placed  in  the  bottom  of  a  retort  and  ihia  ] 
lined  withlire-brick  for  about  i  fL  to  prevent  clinkers  from  adhering  to  the  sides.   ' 
In  firing,  the  gases  are  at  first  allowed  to  pass  off  through  the  charging  door; 
later  this  is  closed  that  the  gases  may  pass  through  slits  f  and/  into  flues  g,  m 
and  n,  and  heat  them  before  passing  off  into  the  chimney.     When  the  retorts 
are  ready  to  be  charged,  the  temporary  grates  and  linings  are  removed  and  the 
iron  trapdoors  put  in  place,  locked  and  covered  with  about  1  ft.  of  breeze  to 
protect  them  and  to  prevent  loss  of  heat.     In  order  to  have  an  even  evolution 
of  gas  and  thereby  an  even  distribution  of  heat,  it  is  important  to  charge  the 
retorts  alternately,  which  is  characteristic  of  all  retort -ovens  with  the  possible 
exception  of  the  Semet-Solvay  oven  (§132).     In  an  i8-retort  oven  there  are 
nine  pairs  of  retorts;  the  order  of  charging  would  be,  pairs  r,  3,  5,  7,  9,  then 
paris  2.  4,  6,  8.     Thus  when  pair  No.  2  has  been  filled,  it  will  have  on  the  sides  ■! 
pairs  Nos.  i  and  3  which,  evoK-ing  gas  freely,  furnish  all  the  heat  necessary  to  ^ 
start  the  coking  until  comes  the  turn  of  pair  No.  2  to  help  out  its  neighbors. 
A  charge  of  coal  weighs  about  3,000  lb.  and  reaches  to  within  3  ft.  from  the  top. 
Coking  lasts  24  hr.    The  coke  is  discharged  by  tilling  the  bottom.     In  order 
to  prevent  it  from  dropping  with  too  much  force  into  the  iron  receiving  car, 
inclined  cast-iron  plates  are  built  into  the  walls  beneath  the  retorts  which  catch   ■ 
the  red-hot  coke  as  it  glides  out  of  the  retort.     It  is  then  detached  in  pieces  and  1 
run  out  of  the  vault  and  quenched.     The  retort  is  refilled  from  the  top.     Th©  | 
yield  in  coke  is  the  same  as  with  other  n on -by-product  ovens. 

The  leading  advantage  claimed  for  this  oven  is  a  large  heating-surface, 
retort  with  a  capacity  of  68.1  cu.  ft.  has  a  total  surface  of  137.5  sq.  ft.  and  a 
heating  surface  of  132.4  sq.  ft.  or  94.7  per  cent.,  which  is  the  largest  figui 
extant.  A  charge  of  coal  can,  therefore,  be  coked  quickly;  further  since  the 
charge  is  high,  there  is  considerable  pressure  which  aids  in  making  the  coke 
dense.  These  facts  make  the  oven  suitable'for  coals  that  do  not  coke  readily, 
as  is  the  case  with  the  coal  of  Belgium,  Southwestern  Prussia  (SaarbrQcken) 
and  Southern  France.  On  the  other  hand,  the  oven  is  expensive,  as  the  cost 
of  repairs  b  high  owing  to  the  high  temperature  and  the  necessity  of  cooling 
down  the  entire  oven.  The  coke  is  not  uniform  as  the  retorts  in  the  center 
arc  more  strongly  heated  than  those  at  the  ends.* 

■LUmiBnn,  StaU  u.  Eisat,  1854,  xiv,  383. 

■  Marie,  BuU.  j'oc.  Ind.  irin,,  1893.  vn,  317;  CoU.  Guard.,  1S94,  i 
1894,  WV.  363. 

■Remy,  Zl.  Birt.  Hutten.  Sal.  Wtitn  i.  P.,  1890,  xxxvm,  ui. 
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Schurr'  has  constructed  a  by-product  oven  which  in  gi 
(lisiKiKitioii  of  retorts  resembles  the  Appolt  type;  two  other  forms  arc  tht  Hioi-  ] 
Jones'  and  tlie  W(K>datl-Duckham.* 

'I'liK  ItAi'KH  OvKN.^  -This  IS  a  by-product  oven.  According  to  tht fnnri  I 
the  upright  retort,  three  types  are  distinguished  which  have  been  conitiucitil  I 
for  trealinf!  coal  haviiif;  a  high,  medium  and  low  percentage  of  TOlitilemRci.  j 
'I'he  type  for  uveraRe  coking  coal  is  represented  in  Figs.  149  and  150.*  Tonj  | 
retorts  KK  are  arranged  around  a  central  chimne>*;  they  are  iofthigti,6lL  1 
deep,  I  ft,  4  in.  wide  at  bottom  and  i  ft.  wide  at  top;  the  bottom  is  omYd to  I 
facilitate-  the  discharKc  of  the  coke.    A  charge  of  two  tons  coal,  to  be  ntedia  1 


io  hr.,  is  dropped  Ihrounh  hopper  C;  the  volatile  matter  at  first  is  drawn  (rft 
through  A'  into  the'  midn  leading  to  the  condensing  plant;  later  it  may  be  de- 
flected wholly  or  in  part  to  the  right  by  raising  the  damper  which  shuts  of 
the  gas  chamber  OR.  From  the  condensation  plant  the  heating  gas  returns 
through  six  jiipes  Ni  to  the  annular  gas  chamber  GR,  passes  through  flues  If 
into  the  combustion  chamber  G-k-LSR  where  it  meets  air  superheated  in  the 
checker  work  LSR  and  burns.  The  products  of  combustion  pass  through 
flues  D  and  <lescend  through  SK.  At  the  bottom  of  the  retort  the  current  is 
split  into  two  branches.  These  ascend  in  the  heating  chambers  VR  on  the 
sides  of  a  retort,  until  they  reach  the  flue  VRR,  where  they  combine  and  pass 
downwar<l  through  the  common  central  flue  A'^,  enter  at  the  right  the  drcular 
horijsontal  fluesisund,  having  made  the  circuit,  pass  off  into  the  chimney.  C(dd 
air  enters  through  flues  La,  J.b  from  which  small  ports  lead  to  the  checker  work 

'  Eiig.  and  Min.  J.,  1905,  i.xxx,  1115. 

'  FuUts,  Tr.  IhsI.  Min.  Eng-,  igio-ii,  XL,  499. 

'  Qirri'sp.,  Coiil  -igr,   njii,  I,  314. 

*  Ocsl.  Zl.  Berg.  llUUfnn:,  iHSs 
Ann.,  1887,  XXI,  93;  Engineering,  1 
Ind.  Min.,  il 


17;  Berg,  nailmm.  Z.,  1887,  XLVi,  379;  GIa»r't 
■,  laa;  Eiig.  and  Min.  J.,  1890,  l,  71;  AiiJt.  Spt. 


'  Berg.  UiUtenm.  Z.,  1887, : 


1,  plate  X,  I-'igs.  19  and  11 
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LSR  of  each  retort;  an  additional  air-inlet  Lc  is  provided  for  the  combustion 
chamber  Y'R.  The  ovens  are  in  operation  in  France,'  England  and  Germany.* 
131.  Retort-oveos  with  Horizontal  Chambers  and  Vertical  Flues.*  The 
Fran^'Oih-RexrothOven.' — This,  the  lirstoven  with  horizontal  chambers  and 
verlicalheatingflues,  was  built  about  1850.  The  retort,  Figs.  151  and  152  (10  to 
30  ft.  long,  4  to  5  ft.  high  and  14  to  36  in.  wide  according  to  the  character  of  the 
coal)  receives  a  charge  of  5  to  8  tons  of  coal  through  two  hoppers  in  the  roof.  In 
coking,  all  the  volatile  matter  passes  off  at  one  side  through  openings  Just 
beneath  the  spring  of  the  arch,  where  it  meets  the  air  drawn  in  through  vertical 
flues  in  the  roof  and  burns.  The  products  of  combustion,  descending  through 
the  vertical  flues,  heat  first  the  sides  of  the  retort,  then  the  bottom  alongwhich 


they  make  two  passes,  and  are  collected  in  the  main  fiue  leading  to  the  chimney. 
The  coke  is  discharged  by  means  of  a  pusher  similar  to  the  one  shown  in  Figs. 
161  and  i6s-  The  coking  time  varies  from  2410  48  hr.  according  to  the  weight 
of  the  charge  and  the  character  of  the  coal.  The  furnace  has  found  favor 
mainly  in  the  Saar  district,  Rhenish  Prussia,  where  in  1905  over  1,000  ovens 
were  in  operation.  In  other  districts  it  has  been  largely  replaced  by  the 
Coppee  oven  which,  although  more  complicated  in  construction,  forms  an 
improvement. 

The  Coppee  Otto  Oven.'— The  first  Coppee  oven  was  erected  in  Belgium 


'  Enfinetring,  1887,  xi.vn,  500. 
'  Chemittr  Z.,  1898,  xxn.  1)91. 
'Herbst,  InlttniH.  Conp.  Min.ondMei 


nii* 


Iclorf,  I 


vol.  Praktischea  IlUttcnwcsen, 
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*  HucMcncr,  SlakI  n.  Eisen,  iBSj,  m,  399, 
Reiny,  Zl.  Bert.  tttUltn.  Sol.  Keien  i.  Pr.,  iSQo.xxxvm,  113, 
Simnunbach,  SlaU  u.  EiicM,  1905,  xxv,  IJ49. 
Plbfldrich,  Zt.  BfTt.  HtlUen.  Sal.  Waen  i.  Fr..  1911.  LIX.  471. 
*ZI.  Bert.llmun  Sal.  Watn  i.  Pr.,  1887.  xxxv,  30J  (Simmmbach);  tSgo,  xxxvin,  113 
(Remy);  tS9i,X!(XtX,  103  (Hcickc);  1896,  xliv.  409  (Simmersb&ch};  .SfaU  u,  Eisea,  1883,  lu, 
399  (HucMenct):  Btdl.  Soc.  Ind.  ifiti.,  1891.  v.  445  (Rossigneux);  1903.  n,  7561  802  (Hute»); 
J.  I.  and  SI.  I.,  1894,  It,  »M  (SoldcnhofliWin,  l«d..  1895,  iv.  i;i  {Binuvcll);  Evcnco-Coppic 
Oven,  CoU.  Guard.,  igio,  xcix,  idj. 
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I'lGS.  1S4  and  153- — Coppie  retort-oveD. 
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about  i860*  for  coking  the  lean  coals  of  that  country.  To-day  it  is  probably 
the  leading  vertical-flue  type  of  oven  in  which  the  by-products  are  not  recovered. 
In  the  50  years  of  its  existence  it  has  undergone  many  changes.  The  leading 
trharacteristic  of  the  oven  is  that  the  retorts  are  worked  in  pairs,  1 5  +  to  a  block. 
Oneretortbchargedwhenthecontent  of  the  other  is  half-coked;  the  gases  from 
the  retorts  bb',  Fig.  153,*  are  burned  in  their  respective  vertical  flues  cc',  combine, 
travel  along  fiue  e  heating  the  bottom  of  b,  return  along  e'  heating  the  bottom  of 
6',  and  pass  off  into  the  main  flue  k  and  through  ports  j  into  the  stack  k. 
By  thus  combining  the  gases  of  a  pair  of  retorts,  the  heating  becomes  more 
uniform. 

An  improved  form  of  the   Copp^e-Otto  oven*  is  shown  in  Figs.  154  to 
158.    It  consists  of  a  block  of  22  horizontal  retorts,  Fig.  154  (30  to  33  ft. 


Figs.  156  to  158. — Coppfc  retort-oven. 


long,  5  ft.  6  in.  to  6  ft.  high,  33  to  27  in.  wide),  holding  5  to  6.5  tons  of  coal 
which  are  coked  in  48  br.  The  fronts  and  backs  of  the  retorts  are  closed 
by  heavy  cast-iron  brick-lined  doors,  Fig.  157,  raised  and  lowered  by  means 
of  a  traveling  windlass.  The  end-retorts  have  strong  buttress-walls.  The 
qiace  between  the  tops  of  the  retorts  and  the  top-course  of  red  brick  is 
&lled  with  a  layer  of  sand  or  ashes  to  diminish  any  loss  of  heat.  A  retort  has 
three  charging  hoppers  fed  from  coal  buggies  running  on  corresponding  tracks. 
The  volatile  matter  pa^es  off  near  the  top  of  the  retort  through  28  openings 
on  one  aide  into  the  horizontal  flue  D',  Figs.  155  and  156,  where  it  meets  super- 
heated air  from  flue  S,  Fig.  156,  distributed  by  branch-flues  x  and  x',  and  is 
burnt  in  1/  and  D".  The  products  of  combustion  descend  in  the  vertical  flues 
£*  into  the  bottom  flue  F'  of  the  odd-numbered  retorts  and  return  through  the 
others,  F",  having  an  even  number.     In  the  flues  F'  F"  .  .  .  are  openings 

'  StcAVduon,  North  Ettgl.  Inst.  Min.  Eng.,  1871-73,  xxn,  8j. 

'  Percy,  "Fud,"  pott  of  Fig.  6,  plate  iv, 

■  Zr.  Berg.  Hmtn  Sal.  WacH  i.  Pr.,  1896,  XLiv,  ^og. 
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O'  C  .  .  .  ,Figs.  155  and  157,  having  dampers.    The  gases  pass  fromPF* 
.  .  .  through  O'O"  .  .  .  into  the  flues,  CC"  leading  into  the  main  flue  H,  Figs. 
156  and  158,  which  leads  either  to  the  stack  or  to  a  set  of  boilers  to  utilize  the 
rest  of  the  available  heat.    The  air  required  for  burning  the  gases  is  admitted 
through  the  flue  /  in  one  of  the  buttress-walls,  Figs.  154  and  155,  passes  zig-zag 
through  the  recuperator  chambers  K  and  leaving  these  heated  to  320  to  430®  t, 
ascends  the  hot-air  flue  L  and  enters  the  horizontal  flue  S  referred  to  above.  It 
will  be  noted  that  by  this  arrangement  the  outer  side- wall  of  retort  No.  22  is  not 
heated.     In  order  to  accomplish  this,  the  gas  returning  under  retort  No. 
22,  instead  of  passing  downward,  Fig.  157,  into  flues  C  and  G",  ascends, 
Fig.  158,  in  the  horizontal  zig-zag  flues  A''  B'  B''  and  then  descends  into  the 
main  H. 

A  new  oven  is  dried^  and  warmed  with  a  coal  fire,  about  3  ft.  3  in.  deep  and 
20  in.  high,  built  at  the  front  and  back  of  each  retort.    The  necessary  air  enters 
through  open  spaces  made  by  supporting  the  doors  with  brick  placed  on  edge. 
The  oven  is  dry  when  no  more  vapor  escapes  through  flue  H,  f.^.,  after  about 
ten  days.    Lump  coal  is  used  in  firing.     It  is  charged  through  the  feed-hoppers, 
and  the  depth  of  the  bed  is  raised  daily  about  4  in.    The  ashes  are  removed 
every  other  day.     The  position  of  the  doors  is  the  same  as  in  drying  and  warm- 
ing, only  the  doors  are  carefully  luted  at  the  sides.    The  draft  is  checked  as  much 
as  possible  so  as  to  keep  the  heat  in  the  oven.    When  the  side  walls  have 
become  bright  red,  a  charge  filling  two-thirds  of  the  retort  is  given,  and  the 
amount  of  coal  gradually  increased  to  the  full  charge  of  6.5  tons.     Coking  takes 
48  hr.     In  regular  work  one  of  the  two  retorts  working  together  is  charged  24 
hr.  ahead  of  the  other. 

The  charge  is  leveled^  with  long-handled  rakes  through  openings  (see  retorts 
I  and  2  in  Fig.  154)  in  the  doors,  which  are  then  luted.  Black  smoke  issues  from 
the  top  of  the  coal  and  passes  off  into  Z)'  and  D"  where  it  is  burnt.  When  the 
charge  has  been  coked,  the  doors  (Fig.  157)  are  raised  with  the  windlasses  and 
the  coke  is  discharged  by  a  ram  onto  the  wharf,  where  it  is  quenched  (5  gal.  water 
per  ton  of  coke)  and  pulled  apart  along  the  median  line,  if  it  does  not  fall  apart  of 
its  own  accord.  The  variations  in  temperature  with  an  oven  not  having  flues 
G'  G"  have  been  found  to  be  only  200°  C,  viz.,  1,100  to  1,300®  C.  in  the  side- 
flues  and  1,300  to  1,500°  C.  in  the  bottom  flue.  With  ovens  having  flues  C  C" 
the  variations  are  smaller.  In  the  Ruhr  district,  Prussia,  a  charge  of  6.5  tons 
of  coal  with  15  per  cent.  H2O  is  coked  in  48  hr.  giving  75  to  77  per  cent,  blast- 
furnace coke  containing  about  4  per  cent.  H2O.  The  advantages  of  the  Coppie* 
oven  are  the  shortness  of  vertical  flues  which  permits  making  the  retort  walls 
thin  (3  i/?  in.),  the  simple  construction  of  the  flues,  the  high  temperature,  and 

*  Dcickc,  Zt.  Berg.  Iliittcn  Sal.  Wcsen  i.  Pr.,  1891,  xxxDC,  203. 
'  Mechanical  Lcvclers:  Thau,  Gliickauf,  1908,  xliv,  1149. 

Scavcr,  Iron  Age,  1908,  lxxxii,  $o2;'Iron  Trade  Rev.,  1908,  xlii,  203. 

Ilerbst,  op.  cil.,  p.  145. 
•Fulton,  op.  cit.f  294,  379. 

Rossigneux,  Bull.  Soc,  Ind.  Min.,  1891,  v,  449;  Eng.  News,  March  5, 1908, 
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the  large  heating  surface  (64  per  cent,  of  the  total).    The  Bernard  oven  is 
similar  to  the  Copp6e  oven  of  1890.^ 

The  Otto-Hofpmann  Oven.* — This  by-product  oven  is  essentially  a  Cop- 
pje-Otto  oven  to  which  Hoffmann  has  added  Siemens  regenerative  chambers 
in  order  that  the  heat  lost  by  the  cooling  of  the  gases  and  by  the  withdrawal  of 
the  by-products  may  be  made  up  by  preheating  the  air  necessary  for  burning 
the  gases.    The  products  of  combustion  are  passed  through  the  regenerators 
instead  of  their  sensitive  heat  being  utilized  under  boilers  as  is  the  common 
practice  with  non-regenerative  systems.    Since  the  first  ovens  went  into  opera- 
tion in  18S3,'  the  Otto-Hoffmann  system  has  undergone  several  changes  in  the 
constructive  details  which  resulted  in  189 1  in  a  type  which  has  become  the 
standard.    The  modifications  of  1896^  have  been  given  up  again.     In  the  United 
States  the  first  plant  with  60  ovens  was  built  in  1894  at  the  works  of  the  Cainbria 
Steel  Co.,  Johnstown,  Pa.    The  unit  plant  consists  of  two  blocks  of  ovens,  each 
with  30  retorts;  this  number  was  raised  to  50  in  1905,  and  to  a  higher  number 
since  then.     The  oven  of  1891*  is  represented  in  Figs.  159  and   160.     The 
Siemens  regenerators  R  and  R'  are  placed  in  vaulted  chambers  beneath  the 
fronts   and   backs   of   a  row  of  retorts;  the  space  between  them  is  sup- 
ported by  pillars   and  arches.     As  the  regenerators  are  usually  built  on 
the  ground  floor,  the  ovens  will  be  elevated  13  ft.  or  more  above  it.    A 
regenerator,  R  or  R\  is  divided  into  two  parts  by  a  double  arch  having 
ports  /  t^\  the  lower  part  has  a  longitudinal  partition  wall  which  forms  the 
two  flues  S  S'\  the  upper  part  R  R'  i&  filled  with  checkerwork.    The  flues 
5  y  unite  outside  of  the  oven  into  a  main  flue  which  leads  to  a  reversing 
valve  directing  the  products  of  combustion  into  the  stack  and  fresh  air  into 
the  flue. 

The  coking  chamber  is  33  ft.  long,  6  ft.  6  in.  high  and  17  to  22  in.  wide  with  a 
taper  of  i  to  4  in.  toward  the  discharge  end,  and  holds  6  to  7  tons  of  coal  which 
are  coked  in  30  ±  hr.  It  has  three  charging  openings  c,  two  ports  d  for  with- 
drawing the  volatile  matter,  and  is  closed  front  and  back  by  cast-iron  brick-lined 

^Zt.  Berg.  HUtten,  Sal,  Wesen  i.  Pr.,  1891,  xxxix,  203. 

^Siakl  u.  Eisen,  1882,  n,  311,  360,  505  (Otto);  1883,  in,  397  (Huessener);  1884,  iv,  396 
(Otto);  1892,  xn,  819  (Leistikow);  827  (Festner);  1894,  xv,  1105  (Huessener);  1126  (Otto); 
1895,  XVI,  30  (Otto);  Z/.  Berg,  Hiitten  Sal.  Wesen  i.  Pr.,  1891, xxxix,  203  (Deicke);  1896,  xliv, 
411  (Simmersbach);  Bull.  Soclnd.  Min.^  1891,  v,  505  (Rossigneux);  Min.  Ind.,  1895,  iv,  223 
(Blauvdt);  1901,  x,  143  (Schnicwind);  Tr.  A.  I.  M.  £.,  1903,  xxxiii,  760  (Atwater);  Iron 
Age,  Sept.  6,  1894  (Editor);  Am.  Mfr.,  1898,  lxii,  446  (Phillips);  Circular ^  United-Otto 
System  of  By-product  Ovens,  New  York,  1906. 

Plants:  Glassport,  Pa.,  Iron  Age,  Nov.  11,  1897;  Everett,  Mass.,  Tr.  A.  I.  M.  E.,  1903, 
^ooan,  766,  775;  Progressive  Age,  Aug.  15,  Sept.  i,  1899,  Jan.  i,  1900;  American  Gas  Light  J  I., 
1901,  LXXiv,  445;  Buffalo,  N.  Y.,  Mines  and  Minerals,  19041  xxrv,  362;  Camden,  N.  J.,  op. 
cU.j  1905,  XXV,  610;  Iron  Trade  Rev.,  Feb.  9,  1905;  Mines  and  Minerals,  1907,  xxvii,  253; 
Circular,  United-Otto  System  of  By-product  Ovens,  New  York,  1906. 

'  Stahl  u   Eisen,  1884,  iv,  396. 

*  Zt.  Berg.  HUUen.  Sal.  Wesen  i.  Pr.,  1896,  xliv,  411. 

»  Zt.  Berg.  HUUen.  Sal.  Wesen  i.  Pr.,  1891,  xxxix,  206;  Staid  u.  Eisen,  1892,  xii,  818,  Min. 
lud.,  189s,  IV,  223. 
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Figs.  155  and  160. — Otto- Hoffmann  by-product 
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doors*  to  be  raised  and  lowered  by  a  windlass.    The  coal  which  was  formerly 
brought  to  the  charging  holes  in  three  larries  pushed  by  hand  on  separate  tracks 
running  along  the  top  of  the  block,  is  at  present  handled  by  a  single  electrically 
operated  larry  with  chutes  suspended  from  a  steel  trestle  (Fig.  165).     On  either 
side  of  a  retort  are  32  vertical  heating  flues  e  and  e'  which  are  connected  at  the 
bottom  by  horizontal  flues  h  and  V  through  which  the  heating  gas  enters  from 
pipes  p  and  p' ;  hot  air  is  admitted  in  the  air-flues/  and/'  through  openings  u  and 
«',  and  passes  through  ports  g  and  g'  into  the  gas-flues  h  and  A'.     The  silica-brick 
bottom  flues/  and/',  with  peep-holes  /,  are  therefore  heated  only  by  the  super- 
heated air,  and  the  side-flues  by  the  combustion  of  the  gas.    The  bottom  flue 
is  divided  by  a  partition  wall/  into  equal  halves.     The  heating  gas  arrives  from 
the  by-product  plant  alternately  in  the  mains  q  and  q'  and  enters  the  heating 
flues  through  pipes  p  and  p'  resp. ;  r  and  /  are  regulating  cocks.     Supposing  the 
gas  to  arrive  in  q'  and  to  pass  off  through  pipe  p'  into  the  horizontal  flue  V.     It 


Beetton  Throash  Retorts  |  Section  Throosh  Side  Wall 


Fig.  161. — Otto-Hoffmann  by-product  oven  with  charging  larries,  pusher  and  quenching 

platform. 


will  meet  the  superheated  air  which  has  entered  the  bottom  flue/'  through 
openings  u'  and  passed  out  through  g'\  the  products  of  combustion  will  ascend  in 
the  vertical  heating  flues  e',  pass  through  the  horizontal  flue  «,  descend  in  the 
vertical  flues  e,  collect  in  the  horizontal  flue  A,  pass  through  ports  g  into  flue/ and 
thence  through  flues  u  into  the  regenerators  R^  the  ports  /  and  the  flues  S  into 
the  stack.  After  one-half  hour  gas-  and  air-currents  are  reversed  and  travel 
in  the  opposite  direction. 

The  manner  of  discharging  a  retort  is  shown  in  Fig.  161.  To  the  left  (push- 
ing-side or  back)  of  the  ovens  is  the  coke  ram  consisting  of  a  pushing  face 
attached  to  a  rack  worked  by  a  pinion.  The  .frame  carrying  a  boiler  and  a 
double  reversing  engine  is  carried  by  a  truck.  It  takes  i  to  2  min.  to  push  the 
ram  through  an  oven.  The  coke  falling  on  to  the  platform  is  quenched  and 
loaded  into  cars.  In  some  plants  the  quenching  platform  is  replaced  by  a 
quenching  car.  The  Moore  coke  quenching  machine*  aims  to  cool  the  coke 
with  a  minimum  amount  of  water,  to  preserve  the  silvery  luster,  and  to  load 

*  Beach,  Flued  Coke-oven  Doors,  ColL  Guard. ^  1906,  xcii,  981. 
Thau,  GlUckauff  1907,  xliii,  998. 

*  At  water,  Tr,  A,  I.  Af.  £.,  1903,  xxxiii,  773. 
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In  many  modern  plants  an  electric  motor  hu 


directly  ioto  railroad  cars, 
replaced  the  steam  ei^ne. 

The  temperatures  in  an  oven  usually  are:  bottom  flue  i.zoo  to  i^oo"  C; 
side  flues  i,ioo  to  1,200'  C,  regenerators  at  the  start  1,000°  C,  and  after 
reversing  720"  C,  stack  420°  C. 

Starting  a  New  Plant.' — The  ovens  are  warmed  in  the  same  manner asa 
Coppee  plant  (p.  260).  In  the  charging  openings  c  are  small  flues  k  which  an 
closed  in  regular  work.     In  starting,  they  are  opened;  the  volatile  matter  passes 


eaUd  fromBAlow 

Figs.  162  and  163. — Otto  by-product  oven. 

off  through  them  into  the  horizontal  flue  i  where  air  is  admitted  through  special 
ports.  The  products  of  combustion  descend  through  the  vertical  flues  e  and  e' 
into  the  regenerators  R  and  R'  and  thence  through  a  by-pass  into  the  stack. 
When  the  retorts  and  regenerators  have  been  sufficiently  heated,  the  small  flues 
k  and  the  special  air-ports  are  closed;  the  oven  is  then  worked  in  the  normal 
way.  The  volatile  matter  of  each  retort  is  drawn  off  through  upright  cast-iron 
pipes  m  and  m'  which  discharge  into  their  mains  n  and  n';  this  continues  untfl 

'Gillon,  Rn.  I'n.  Min.,  1912,  wcxvin,  106. 
Thau,  Gliickauf,  1908,  xliv,  1(15. 


the  charge  has  been  coked,  when  the  valves  between  «-«'  and  »-«'  are  closed, 
the  end  doors  of  the  retort  raised  and  the  coke  discharged.  The  end  doors 
are  now  lowered  and  luted;  the  oven  is  re-charged;  the  charging  doors  are 
closed,  and  the  valves  again  opened.  During  the  coking  there  is  maintained 
in  the  retorts  a  slight  pressure  over  the  atmospheric. 

The  Otto  Oven.' — Figs.  162  and  163  show  a  radical  departure  in  the  man- 
ner of  heating  retorts  with  vertical  flues.  This  change  was  made  by  Otto  in 
his  oven  of  1896  by  introducing  the  gas  through  large  Bunsen  burners  beneath 
the  flues.  In  Fig.  162,  which  is  a  longitudinal  section  through  the  coking  and 
heating  chambers  A  and  B,  the  gas-main  from  the  condensation  plant  is  placed 
in  a  tunnel  on  the  pushing-side  of  the  oven.  From  it  pipes  branch  off  at  right 
angles  into  vaulted  passages  underneath  the  heating  flues  and  deliver  the  gas  to 
-  eight  Bunsen  burners.  Their  flames  spread  in  the  lower  combustion  flue  B,  rise 
in  the  31  heating  flues  to  the  collecting  flue  F,  pass  over  the  partition  wall  G  and 
descend  through  /  into  the  main  J.  As  the  flue  underneath  the  coking  chamber, 
Fig.  163,  would  not  be  heated  at  all,  the  partition  walls  between  it  and  the  ad- 
joining heating  flues  B  are  perforated.  In  Fig.  163  D  are  charging  openings, 
L  gas-ascending  pipes,  M  gas- col  lee  ting  mains,  C  by-pass  flues  to  be  closed  by 
blocks  A',  E  a  tile  to  be  dropped  upon  F  in  starting  up  (similar  to  Copp^e-Otto 
oven).  A  retort  is  33  ft.  long,  6  ft.  6  in.  high  to  crown  of  arch,  20.75  '''■  wide  in 
the  middle  (19.5  in.  at  back,  sz  in.  at  front).  The  progress  in  coking  has  been 
investigated  by  Schmidt.* 

The  Otto-Hilgenstock  Oven,'  shown  in  Fig,  164,  is  an  improvement  on  the 
Otto  oven,  in  which  the  chamber  nearC  and  the  downward  passage  beyond 
G  must  become  very  much  overheated,  and  the  bottom  of  the  retort  under- 
heated.  In  the  Hilgcnstock  oven  the  products  of  combustion  of  four  burners 
are  combined  and  descend  near  the  middle  of  the  block  through  flue  II,  and, 
traveling  through  cross- passages  into  the  flue  /  underneath  the  coking  chamber 
v4,  furnish  this  with  the  necessary  heat  before  they  pass  through  k  into  the  main 
M.  Temperature  and  draft  measurements  made  at  Middlesbrough-on-Tyne 
gave  for  vertical  flues  1,278  to  1,462°  C.  and  1.52  to  1.96  mm.  water;  for  the 
lower  combustion  flue  1,215  'o  'i3'2°  C.  and  1.79  to  2.10  mm.;  for  upper  col- 
lecting flue  1,144  to  1,278°  C.  and  0.19  to  1.32  mm.;  for  gas  main  C  283  to 
293°  C;  for  waste-gas  flue  245°  C,  and  6.Sq  to  10,30  mm,  water,  and  the  air  for 
combustion  of  gases  was  heated  to  355-438"  C.  during  its  passage  through  the 
arches. 

It  will  be  noted  that  both  the  Otto  and  Otto-Hilgenstock  ovens  recover  by* 


'  Simmersbflch,  Slahl  u.  Eden,  1898,  xv 
Krosebtrg,  Tr.  Inst.  ilin.  Eng.,  1897-1 
Lunge,  if  in.  Ind.,  1S96,  V.  1S4. 
Blauvclt,  itin.  Ind.,  1897,  vi,  173. 

*  J.  fur  GaibclcuchlHHt.  1899,  xui,  34. 

■  Thiiy,  J.  I.  awl  SI.  I.,  igoi.  i,  3). 
Schniewind,  Uin.  Ind.,  1901.  XI,  iji). 
AtwBicr.  Tr.  A.  I.  M.  E..  190J,  xxxni 
Huiez,  Bull.  Soc.  Ind.  Uin.,  igoj,  n,  7 
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products,  but  have  no  regenerative  chambers,  the  heat  of  the  waste  gases  being 
utilized  in  waste-heat  boilers.  A  modification'  of  this  oven  is  in  operation  in 
the  Saar  district,  Rhenish  Prussia.  In  1908,  however,  an  Otto  oven  with  re- 
generators was  put  into  operation  in  Germany.*  An  oven  similar  in  prindple 
is  the  following: 


Fig   164 — Otto-H  Igenstock  b\  product  coke 


The  ScHNiEWiND  or  United-Otto  Oven,'  Figs.  165-167,  combines  the  lead- 
ing features  of  the  Otto-Hoflfmann  oven  and  the  new  Otto  system  of  heating, 
and  shows  improved  methods  of  construction  and  of  handling  of  materials. 
Figs.  165  and  166  show  how  the  furnace  block  b  supported  by  a  steel-frame 
structure  instead  of  resting  upon  brick  arches,  and  how  the  regenerative  cham- 
bers stand  free  without  having  to  carry  any  part  of  the  oven,  two  features 
characteristic  of  modern  open-hearth  furnaces.  The  section.  Fig.  165,  represents 
the  handling  of  coat  and  coke.  The  coal  is  supposed  to  arrive  by  rail  in  cars  on 
the  right  hand  of  the  stack ;  it  is  raised  by  a  conveyor  to  the  stationary  bin  to  be 
discharged  through  five  spouts  into  an  overhead  traveling  electric  larrie  having 
eight  chutes  for  the  coal  to  pass  into  corresponding  charging  openings  of  a  retort. 
The  volatile  matter  of  a  retort  passes  off  at  either  end  through  uptakes  17, 
through  valves  28  into  mains  25  and  26  for  rich  and  poor  gas  to  the  conden- 
sation plant.     The  coke  is  pushed  by  a  ram,  21,  resting  on  car  22,  both  <rf 

'  SlaU  u.  Eistn.  1905.  xxv,  ij88. 
'Zt.  Berg.  HiiUen.  Sal.  Wesea    i.  Pr.,  1908,  lvi,  181. 
'  Schniewind,  Iron  Age,  Nov.  28,  igoi;  Min.  Ind,,  1901,  x,  145. 
Alwater,  Tr.  A.  I.  M.  E.,  1903,  xxxni,  770. 
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Fic.  T65. — Scbniewind  or  United-Otto  by-product  ©■ 


Fio.  166.— Schnie wind  or  United-Otto  by-product 
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which  are  driven  by  electric  motors.  The  coke  is  received  in  an  indiud 
quenching  car'  20  and  discharged  into  the  railroad  car  33.  The  maniiR  i 
heating  the  oven  b  shown  in  Figs.  166  and  167.  The  gas  enters  through  five 
burners  covering  half  the  length  of  a  retort,  burns  with  superheated  (980°  C.) 
air  in  five  combustion  chambers  5,  ascends  through  vertical  flues  3,  tm-di 
through  the  upper  collecting  flue  g,  descends  through  the  flues  of  the  five 
chambers  covering  the  other  half  of  the  length  of  the  retort.  It  then  passes 
from  chamber  5  into  chamber  4  situated  underneath  the  retort  and  theoct, 


FiC.  167.— Schniewind  or  Unitcd-Otlo  by-product 


after  heating  the  bottom  of  the  retort,  through  the  vertical  flue  8  into  the 
regenerator  7,  and  finally  through  a  reversing  valve  into  the  stack.  The  air 
for  the  combustion  chambers  is  admitted  through  openings  corresponding  lo 
those  marked  6  in  the  figure.  The  improvements  in  construction  are  said  to 
have  permitted  lengthening  the  retorts  which  are  now  48  ft.  6  in.  long  (w. 
33  ft.)  6  ft.  6  in.  high,  17  in.  wide,  and  hold  eight  tons  of  coal  (vs.  six  tons). 

Placing  the  regenerators  along  the  center  instead  of  along  the  ends  of  a 
block,  as  in  the  Otto-Hoflmann  oven,  has  not  always  proved  successful,  because 
the  coa!  near  and  at  the  ends  of  the  retorts  is  often  not  sufficiently  coked.  Thus, 

'  Alias  Car  &  Mfg.  Co.,  Coke  QucnchinB  Car,  Iron  Age,  1910,  lxxxv,  860. 
Eeubold,  Slahl  u.  Ehtn,  igii.xxxii,  178^ 
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Kt  Wyandotte,  Micb.,  the  r^enerators  along  the  center  had  to  be  replaced  by 
others  running  along  the  ends.  This  led  to  the  construction  of  the  United- 
Otto  by-product  oven  of  1906,  shown  in  longitudinal  section  in  Fig.  i68.> 
The  furnace  is  supported  by  three  piers  of  masonry  through  steel  I-beams. 
The  regenerators  are  placed  near  the  outer  supporting  walls.  There  are  three 
burners  for  one-half  of  a  retort;  one  enters  at  the  end  of  the  oven,  the  other 
two  from  beneath.  A  retort  holds  9.5  net  tons  of  coal  and  cokes  the  charge 
in  10  hr.  (earlier  ovens  held  five  to  six  tons  and  required  30  hr.). 


United  Otto  by-product  oven  of  1906. 


The  Koppers  Oven.* — The  general  form  and  arrangement  of  this  oven 
resembles  the  United-Otto  oven.  The  distinguishing  features  are  the  pre- 
heating of  air,  and  the  arrangements  for  gas  and  air  to  prevent  local  over- 
heating at  points  of  bsue  and  to  carry  the  heat  up  high  in  the  flues.  Fig.  169 
gives  a  longitudinal  section  through  the  coking  chamber  and  heating  flues. 
The  retort  as  built  to-day'  is  40  ft.  long,  11  ft.  high  and  19  in.  wide  in  the 
middle,  and  takes  a  charge  of  15  tons  of  coal  which  is  coked  in  15  to  30  hr., 
depending  upon  the  character  of  the  coal.  The  cross-section.  Fig.  170,  shows 
underneath  each  coking  chamber  a  regenerator  from  which  heated  air  passes 
into  the  31  heating  flues  through  14  ports  on  the  discharging  and  17  on  the 
pushing  side.  The  division  wall  between  the  upward  and  downward  paths 
is  placed  a  little  toward  the  discharge  side.     Cold  air  enters  at  K,  passes 

'Win.  Jni.,  IQ06,  XV,  18a. 

*  Tr.  Inil.  Min.  Eng.,  1903,  xxnr,  627;  1507,  xxxm,  398;  1908,  xxxvi,  3*6;  Jtev.  Mil.,  1906, 
m,  341;  Gluckauf,  1906,  xui,  1301;  Min.  Ind.,  1907,  xvt,  357;  Iron  Age,  1907,  uooc,  1671; 
1910,  ucxxv,  978, 1354;  i9ii,Lxxxvn,983  (A1goma);LXXXVUi,  1406;  191 2, xc,  85; Cof/. Guard., 
1909,  xcvill,  13;  Mmes  and  Minerals,  igio,  xxxi,  i8;i  Iron  Trade  Rev.,  1910,  XLvn,  371;  1911, 
Xiviu,  89;  XLDC,  io9i(  Met.  Chem.  Eng.,  1910,  vui,  479;  1911,  x,  511;  Caal  Age,  1911,  i,  337; 
Can.  Mg.  J.,  igii.xxxn,  333  (Algoma);  Oat.  Zl.  Berg.  HUlUmi.,  191 1,  xlix,  255;  Zl.  Berg. 
BiUUH.Sal.  WeienLPr.,  i9it,xux,  47$;  Proc.  Eng.  Soc.  Wcsl.  Pa.,  1912,  xxviii,  311;  Eng. 
Min.  J.,  1908,  ixxxvi,  378;  Iron  Trade  Rev.,  1913,  ui,  17, 

'VkmiDMtiafPree.  Emf.Sec.  West.  Pa.,  1911,  xxviii,  311. 
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damper  J,  rises  through  checkers,  becomes  heated,  meets  heating  gas  w' 
arrives  through  distributing  mains  R,  connections  S,  pipes  T,  and  enters 
through  nozzles  4  By  thus  supplying  each  small  heating  flue  with  its  oi 
gas  and  air  the  retort  is  heated  uniformly  The  tops  of  the  several  vertical 
heating  flues  are  provided  with  slide  dampers  F  manipulated  through  openin| 


fWfJfffEM 


U.V.  .  .  .  closed  by  plugs.  Thus  the  upward  passage  of  the  gases  along  one- 
half  of  the  retort-wall  into  the  main  flue  M,  and  the  downward  travel 
in  the  heating  flues  along  the  other  half,  and  then  through  fiorts  c,  regenerator, 
damper  J2,  flue  A'.j  to  stack,  are  easily  regulated. 

Fig.  i6g  shows  that  toward  the  center  of  the  retort  the  flue  M  is  made  higher 
than  at  the  ends;  practical  experience 
ha'i  shown  this  to  be  unnecessar>'. 
With  two-thirds  of  the  space  under- 
neath the  oven  taken  up  by  regen- 
erators, these  furnish  such  ample 
(ualuig  surface  that  it  is  not  neces- 
-.  ir\  to  pass  all  the  products  of  com- 
I  ustion  through  the  checkerwork; 
Ik  nee  part  of  the  products  is  with- 
ilra«n  through  flue  L  into  main  If 
hading  to  boilers  or  other  furnaces 
lor  the  ulilization  of  waste  heaL 

A  Koppers  oven  is  started  in  the 

same  manner  as  is  an  Otto-Hoffmann 

(p.   164).     For  this  purpose  there  is 

provided  an  auxiliary  uptake  .¥,,  the  opening  Q  and  the  distributing  flue  X. 

Removal  of  plugs  V  and  Vi,  allows  the  gases  set  free  in  the  retort  to  bum  in 

the  heating  flues  and  to  travel  thence  through  the  regenerators  to  the  st«ck. 

The  thermal  balance  of  a  by-product  coking  oven  is  represented  graphically 

in  Slaftt  uttd  Eisen,  1909,  xxix,  p.  41. 
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In  the  United  States  the  Copp^e,  Otto-HofiFmann,  Schniewind  and  Koppers 
ovens  are  the  leading,  if  not  the  sole,  representatives  of  the  class  of  ovens  heated 
by  vertical  flues.  In  Europe  there  is  a  greater  variety  as  shown  by  the  literature 
dted  below.* 

133.  Retort-ovens  with  Horizontal  Chambers  and  Horizontal  Flues. 
The  Smet-Buitcenbach  Oven. — The  oldest  oven  with  horizontal  heating  flues 


Fic.  171.— Smet-BUttgenbach 


is  that  of  Haldy*  built  before  1864.*  The  Smet  oven'  is  a  modification  of  the 
Haldy  oven,  and  improved  by  Buttgenbach  it  has  become  one  of  the  leading 
horizontal-flue  ovens  in  which  by-products  are  not  saved.  Figs.  171  and  172, 
representing  longitudinal  and  cross-sections,  show  that  the  heating  flue  on  the 
side  of  a  retort  is  divided  in  two  by  a  vertical  partition  wail,  that  each  section 
has  a  horizontal  division  wall,  and  that  beneath  the  bottom  of  the  retort  are  two 
horizontal  flues.  The  volatile  matter  of  say  the  front  half  of  a  retort  is  drawn 
off  near  the  top  through  nine  openings,  enters  the  horizontal  flue,  meets  air 

'  Brunk,   Sltskl  u.  Eisen,  1894,  xiv,  677;  1900,  xx,  685;  Eng.  ilin.  J.,  i!»)5,  Lk,  aso; 

1900,  IXDC,  711;  ZI.  Berg.  HUtltn.  Sal.  Wnen  i.  Pr.,  1896, XLiv,  4131/.  /■  andSt.  I.,  1903,  ir,  399 

Bftuer,  Slahl  u.  Eisen,  1899,  xrx,  361;  Eng.  Min.  J.,  1899,  ucviit,  310;  /.  I.  and  St,  I., 

igoj.  It,  300;  SlaU  u.  Eisen,  1906,  xxvi,  1499;  Iran  Trade  Rev.,  1908,  XLiii,  189;  Iron  Age, 

1908,  LXXXi,  67a. 

Ruppett,  Zt.  Berg.  HOUen.  Sal.  Wesen  i.  Pr.,  1896,  XLiv,  413. 

CoUio,  Bail.  Sac.  Ind.  Min.,  1903,  11,  80;;  Iron  Age,  191a,  uuco'i,  17;;  Zf.  Berg.  BiUltn. 
Sal.  Wesen  t.  Pr.,  1911,  ux,  4S6. 

Copp£«  (By-prod.),  Bull.  Soc.  Ind.  Min..  1903,  11.  797- 
Poettet,  Ann.  Min.  Belg.,  1903,  viji,  404;  Eng.  Rev.,  1904,  xi,  159. 
EitH,  Coal  Age,  1911,  11,  S4. 

MUllcr,  Mines  and  Minerals,  1911,  xxxiil,  13;  Coll.  Guard.,  191 2,  civ,  481. 
Mackey-Seymour,  Coll.  Eng.,  1910,  xcK,  366. 

Geoeral  Review:  Fr.  Herbst,  Inlernat.  Congress,  Min.  Mel.,  DUsseldorl,  1900,  volume; 
"Praktisches  HUttcnwcsen,"  p.  119;  Slakl  u.  Eisen,  1910,  xxx,  1483,  1582,  1593;  Met.Chem. 
Eng.,  1910,  vni,  47S. 

*  Huesaener,  StaU  u.  Eisen,  1883,  iii,  399. 
■  Berg.  Hmtenm.  Z.,  1865,  xxiv,  loj. 
'    ^iioadgBeia,  Bull.  Sx.  Ind.  Min.,  j8gi,V,  439. 
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entering  through  an  opening  in  the  door  (not  shown)  and  burns.  .  Theptoducti 
of  combustion,  as  indicated  by  the  arrows,  heat  in  two  passes,  the  front  half  of 
the  side  wall  and  the  bottom,  and  enter  the  main  flue.  The  volatile  mallei 
coming  from  the  back  half  of  a  retort  does  the  same  work  for  its  section  tnvd- 
ing  in  an  opposite  direction.  A  retort  is  27  ft.  10.5  in.  long,  27  to  30  in.  wide 
and  5  ft.  5  in,  high,  takes  a  charge  of  5  tons  of  coal,  and  cokes  it  in  42 1048 
hours. 


I      I 


■■  .  ' .  11  tj,  ffU  UJ 

''■"'iF-iTrl  f 


Fig   172— Smet  BQttgenbacho\en 

The  Simon-Carves  Oven.' — This  oven,  an  improvement  on  that  of  Knab* 
first  built  in  1856,'  was  erected  in  1866  at  Besseges,  France,  and  has  been  in  use 
mainly  in  that  country.  Its  latest  form,  as  given  by  Babu,*  is  shown  in  Fig. 
173.  The  retort  is  30  ft.  long,  4  ft.  7  in.  high  and  26  in.  wide,  receives  a  charge 
of  five  tons  of  coal  through  two  hoppers  and  cokes  it  in  24  hours.  The  volatile 
matter  is  drawn  off  through  the  pipe  r,  the  heating  gas  is  returned  from  the  con- 
densation plant  through  a  main  with  branch  pipes  v,  air  sometimes  preheated 
in  underground  recuperators  or  bottom  flues  is  admitted  at  m  above  a  grate  V 
on  which  a  small  coke  fire  is  kept  going  to  insure  steady  burning  of  the  gas. 
From  w  the  products  of  combustion  pass  out  through  one  bottom  flue  t,  return 
by  another,  ascend  in  the  vertical  passage  k,  descend  in  zig-zag  through  hori- 

'  Jougouet,  Bull.  Soc.  Jnd.  Min  ,  1880,  K,  283. 
Huessener,  Slahl  u.  Eistn,  1883,  III,  404,  560. 
Simon.  J.  I.  and  St.  I.,  1885,  1,  108. 
Llirman,  Slakt  u.  Ehcn,  1885,  v,  306. 
Tuska,  Iron  Age,  Dec,  11,  1890, 
Rossigncux,  Bull.  Sac.  Ind.  Min..  i8gi,  v,  458. 

Simon- Carves  Ld.,  Coll.  Guard.,  1897,  Uixiv,  511;  1909,  xcviii,  itSi. 
Editor,  Eng.  Min.  J.,  1897,  lxiv.  S79. 
EQison,  Tr,  Inst.  Min.  Eng.,  1901,  xxi,  79- 

•  Bull.  Soc.  Ind.  Min.,  1891,  v,  456. 
'Dingl.   Po/. /„  1855,  CLiv,  97. 

*  "Mttailurgle  GiDimie,"  1906,  vol.  11,  p.  iji. 
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tootal  fluei  t,  h,  k'  and  travel  through  an  underground  flue  S  to  the  stack 
Of  to  waste-heat  boilers. 

The  ovens  of  Seibel^  and  Huessener*  resemble  the  Carvfcs  oven;  that  of 
Feiner'  is  a  modification  of  the  Huessener.  More  recent  European  forms  are 
those  of  CoUin*  and  Bernard.* 


Fig.  173- 


■Carves  by-product  o 


The  Semet-Solvay  Oven.*  Figs.  174  to  176.— This  oven  originated  in 
Belgium  in  1883.  In  the  United  States  the  first  ovens  were  erected  in  1891-93 
at  Syracuse,  N.  Y.,  and  in  1906  there  were  in  operation  1,330  ovens,  and  building 
304.  The  main  characteristics  of  the  oven  are  that  the  heating-flues  /  on 
either  side  of  a  retort  are  thin  hollow  refractory  tiles,  Fig.  1 76,  and  that  the  roof 
/  is  carried  by  brick  walls  G  placed  between  the  tiles.  The  standard  retorts  of 
1893  are  30  ft.  long,  5  ft,  6  in.  high  and  16  to  17  in.  wide;  they  have  three  charg- 
ing holes  A  and  one  gas  uptake  B.  The  charge,  4.6  tons  of  coal,  is  coked  in 
18  to  20  hours,  i.e.,  very  quickly.  The  gas  returning  from  the  condensation 
plant  is  admitted  through  the  pipes  D  in  the  upper  and  middle  heating-flues 
where  it  meets  the  necessary  air  which  entering  at  F  and  traveling  in  the  direc- 

*  Bun.  Sac.  Ind.  Min.,  i8gi,  v,  473. 

'  StaU  u.  Eisen.,  i88j,  Iii,  409;  Bull.  Soc.  Ind.  ilin.,  1891,  v,  475;  /,  [.  and  Si.  I,  1904, 
t,  188;  Tr.  Inst.  Min.  Eng.,  1906,  xxxi,  451;  StaU  u.  Eisen,  1S93,  xil,  817. 

■  Uines  and  Minerali,  iSgS,  xviii,  414;  Call.  Guard.,  i8g8,  uCxv,  17;  Eng.  Min.  J.,  1S98, 
[XV,  191;  Gliick  Auf,  1901,  xxxvit,  931;  BuU.  Soc.  Ind.  Min.,  1903, 11,  S13. 

*Op.cit.,  1903,  n,  816. 

•  Eng.  Min.  J.,  1890,  l,  165;  1895,  ix,  513"  (Editor);  BuU.  Soc.  Ind.  Min.,  1891,  v,  305 
(Rossgneux);  1903,  11,  81S  (Haiez);  Call.  Caurd.,  1S93,  lxiii,  149  {Demanel); Slaklu.  Eisen, 
iS93,xn,  186,818  d.ilrmanii);Jfi«./ni.,  1895,  iv,  131  (BlauvelOi-lJa./rHi.^c.SDc.,  i897,vii'. 
33  (Blauvelt);  Tr.A.Z.  M.  £.,  1898,  xxvcn,  578;  i9ia,xLiv(B1auveU);i'fo<:.  West.  Soc.  Eng., 
'90s.  t,  477  (Blauvelt);  Prac.  Am.  Sac.  Mcch.  Eng.,  1908,  xxx,  j6i  (Blauvelt);  Min.  Ind., 
1906,  XV,  187;  Plants:  Ensley,  Ala,  Tr.  A.  I.  M.  E.,  1898,  xxviii,.s7();  Dunbar,  Pa.,  Mines 
end  Uintrals,  1899-1900,  xx,  297;  Wheeling,  W.  Va.,  Tr.  Inst.  Min,  Enj.,  iXqq-i^^oQ,'*-^'*,, 
3f;  Sttdton,  Fm..  frtm  Trade  Ret.,  jgia,  XLVII,  1 153. 
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X  Longitudioal  Section  through  FIuci 


Fic.  174.— Semet  Sol  ay 


Transverse  Section  on  bC-Y 


Fig.  175.— Scrocl-Solvay 


Fig.  176.— Tile  ot  Semet-Solv«y  o' 
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tion  of  the  arrows  has  been  superheated  to  200-280®  C.  The  products  of  com- 
bustion descend  through  /  in  a  zig-zag  course  as  shown  and  pass  through  the 
bottom  heating-flue  E  to  the  chimney  canal.  The  following  temperatures  have 
been  observed:  upper  heating-flue  95  to  1,100°  C;  middle  flue  1,100  to  1,400** 
C;  lower  flue  1,000  to  1,350®  C;  main  in  front  of  oven  600  to  800®  C. 

The  rise  of  temperature  in  the  center  of  the  charge  is  shown  by  the  following 
records  taken  in  Lancashire,  England.^  The  retort  was  charged  at  i  p.  m.; 
rise  in  temperature  until  10  p.  m.  not  over  100®  C;  at  midnight  to  200°;  at  i 
a.  nf.  to  350°;  at  2  p.  m.  to  530;  at  3  to  600;  at  4  to  700;  at  5  to  800;  at  6  to 
900;  at  7  to  920;  at  II  to  1,000®  C,  at  which  time  the  coke  was  discharged. 

On*  account  of  the  recuperative  effect  of  the  i8-in.  brick  walls  G  it  is  not 
necessary  to  charge  the  even-numbered  retorts  alternately  with  the  odd-num- 
bered as  is  the  case  with  other  retort-ovens  built  of  clay-  or  silica-brick.  A 
lecond  for  May,  1897,  ^^  ^  block  of  25  ovens  at  Syracuse,  N.  Y.,  was:  coal  coked 
6,004,316  lb.,  large  coke  produced  67.2  per  cent.,  breeze  2.76  per  cent.;  by-prod- 
ucts per  net  t6n  coal:  (NH4)2S04  17.61  lb.,  tar  84.1  lb. 


Table  120. — Analyses  op  Coal  and  Coke,  Semet-Solvay  Plant,  Syracuse,  N.  Y. 


• 

May  I 

to  15 

May  16  to  31 

Coal 

Coke 

Coal 

Coke 

V.M 

29.56 

63.17 
7.27 

I.OO 

88.68 
10.32 

25.47 

67.87 

6.66 

I.OO 

F.C 

90.04 
8.96 

Ash 

^Total 

100.00 

100.00 

100.00 

100.00 

S 

1. 45 

1.40 

1.38 

1. 17 

The  leading  drawback  of  the  original  Semet-Solvay  oven  in  the  United  States 
is  that  it  has  so  far  been  found  impossible  to  make  a  com|3ination  of  clays  for 
moulding  flue-tiles,  as  these  crack  a  short  time  after  they  have  been  in  use.  All 
tiles  have  been  imported  from  Belgium,  and  to  reduce  the  cost,  the  flues  are 
generally  built  up  at  present  of  fire-brick  or  silica-brick. 

In  recent  years  the  size  of  retort  has  been  increased^  the  height  from  5  ft.  6  in. 
to  6  ft.  2  3/5  in.  (standard)  and  even  to  9  ft.,  the  length  from  30  ft.  to  35  ft.,  the 
width  of  16.5  in.  has  remained  unchanged;  the  capacity  has  correspondingly 
grown  from  4.5  to  7  (standard)  and  even  to  9  tons;  the  number  of  heating-flues 
has  risen  from  3  to  4  (standard)  and  even  5;  the  number  of  ovens  in  a  block 
varies  from  25  to  80;  the  coking  time  was  26  hr.  in  1893;  it  was  reduced  to 
18  hr.  in  1906.    This  reduction  is  to  be  attributed  to  the  use  of  higher  heats  and 

*£»/.  and Ifin.  J.,  1907,  Lxxxiv,  27, 
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to  the  installation  of  better   machinery   for   charging  and  dischaTging  tk 
retorts. 

Fig.  177  represents  a  cross-section  of  the  present  form  of  Semet-Solvay  ovmi. 
There  are  five  horizontal  heating-flues  built  of  small  brick  having  a  special  fotm 
of  joint.  The  upper  four  flues  are  provided  with  gas  and  air  inlets;  the  air  iot 
combustion  is  heated  to  a  temperature  ranging  from  200  to  500°  C. 

The  Rotiibehg  Oven'  of  1903  is  shown  in  Figs.  178  and  179.  It  is  a  modi- 
fication of  the  Semet-Solvay  oven.  The  heating-flues  F  are  divided  in  two  by  a 
vertical  wall  .-1 ;  they  are  built  up  of  standard  brick  and  are  not  sei>arated  from 
one  another  by  a  solid  wall  so  that  one  Sue 
serves  two  adjacent  retorts.  The  gas  from 
the  condensation  plant  is  admitted  at  P  and 
P',  the  air  for  combustion,  drawn  in  at  S,  is 
htated  to  400°  C.  by  passing  through  the  re- 
cuperator flue  M;  air  is  further  admitted 
through  the  peep-holes  B;  GG  are  dampers. 
The  products  of  combustion,  after  zig-iag- 
ging  downward  in  the  side-flues  F,  pass 
through  the  bottom-flue  A"  and  then  through 
A'  into  R.  Beneath  the  bottom-Sues  A'  are 
air-cooling  flues  to  protect  the  brickwork. 
The  retorts  arc  33  to  40  ft.  long,  6  ft.  6  in,  to 
7  ft.  6  in.  high,  16  to  23  in.  wide,  have  a  ca- 
pacity of  6  to  9  tons  loose  or  7  to  1 1  tons  of 
compressed  coal;  the  coking  time  is  24  to  30 
hr.  The  Cleveland  Furnace  Co.,  Cle\'elond, 
O.,  has  two  blocks  of  40  ovens  each,  36  ft.  X 
'  6  ft.  6  in.  X16  in.,  which  are  charged  with 
7.5  tons  of  3/16  in.  coal  that  has  been  mois- 
tened with  12  to  IS  per  cent,  water  and  com- 
pressed. Tamping  the  coal  has  increased 
the  net  capaaty  of  the  oven  by  15  per  cent.  The  coal  (V.M.  34.50,  F.C. 
S4  50  ash  iioo  S  i.oo)  from  Washington  County,  Pa.,  gives  unlamped  a 
spongy  br  ttle  coke  tamped  it  furnishes  a  good  iron  blast-furnace  coke  (V.M. 
I  50  F  C  84  50  ish  14.00,  S  I.oo,  cell-space  41.13  per  cent.)  with  a  coking- 
time  of  24  hr.  The  yield  in  coke  is  71  per  cent.,  in  breeze  1.50;  the  gas 
consumption  per  ton  of  coal  is  6,7oocu.  ft.  lea\-ing  3,260  cu.  ft.  surplus  gas;  there 
are  produced  10.56  gal.  tar  and  19.36  lb.  {NH,)jSOj(  =  4.84  NH>). 

Other   ovens    with  horizontal  heating-flues  are    the    Simplex,*  HUssener,* 
Mackey-Seymour,*  Bauer,' etc. 

'  Rothberg,  Mines  and  Minerals,  1904,  xj 
•Jackson,  Tr.  Iml.  ilin.  Eng.,  ii>07,  xxwni,  jSfi. 
'Call.  Guard.,  iijoQ,  xcvrn,  1383. 
<CuH.  Enj.,  loio,  xcw,  3(16. 

'  Herbst,  Ft.,  Inlernal.   Congress  Min.   Mel.,    DUsseldort, 
Hatteiiwcsen,"  p.  127. 


Editor,  Iron  A^e,  igos.  IJCwl,  8; 
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133.  Continuous Cobe-orens. — TEELxiBUANHOvEN,'until  recently,  was  the 
sole  representative.  All  coking  ovens  so  far  discussed  work  intennittently.  In 
IbeLUnnann  oven,  with  its  horizontal  pyramidal  coking  chamber, .  the  coal  is 
coutiQiiousIy  fed  at  one  end  and  the  coke  discharged  at  the  other  into  a  cooling 
<:bamber.  With  intermittent  ovens  the  amount  of  volatile  matter  evolved 
diaoges  considerably;  it  is  large  at  first  and  diminishes  steadily  until  the  end  of 
the  process;  in  Llirmann's  continuous  ovens  it  b  uniform,  hence  the  beating  of 
tbe  retort  is  also  uniform  even  when  ail  the  volatile  matter  is  burnt  in  the 
flues.  In  an  intermittent  oven  not  recovering  by-products,  the  temperature  of 
a  newly  charged  oven  will  rise  quickly,  reach  a  maximum,  and  decrease  gradu- 
ally to  the  low  point  when  it  will  be  further  reduced  by  the  cooling  effect  of  a 
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Figs.  178  and  179. — Rothberg  o 


new  charge.  This  is  avoided  by  the  continuous  furnace.  The  Lurmann  oven 
was  in  operation  at  Osnabriick,  Hanover,  Germany,  where  a  mixture  of  60  per 
cent,  anthradtic  and  40  per  cent,  good  coking  coal  was  converted  into  iron 
blast-furnace  coke.  Two  other  continuous  coking  ovens  have  been  recently 
constructed,  the  Sheldon*  and  the  Woodall-Duckham.* 

134.  Condensation  of  By-products.^— The  amounts  of  gas,  gas-liquor  and 

*  Hucssener,  Slahl  u.  Eisen,  1S83, 111,  401;  Rossigneux,  Bull.  Sac.  Ind.  Min.,  iSqi.V,  516. 
'  Iron  Aft,  1908,  ixxxi,  197. 

'  Coal  Age,  1911, 1,  J 14;  FeutrungsUchnik,  19 13,  I,  31 1- 

*  Lunge,  C,  Coal  Tar  and  Animonia,  Gumey,  London,  4th  Ed.,  igio. 
Otto,  Slahl  w.  Eisen,  1884,  iv,  396, 

Leislikow,  op.  cil.,  1892,  xii,  SiS. 

Simmcrsbacb,  2/.  Berg.  Hililen.  Sal.  Weten  i,  Pr.,  1896,  XUV,  40a. 
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tar  produced  were  given  on  p.  228.  A  general  scheme  showing  the  treat- 
ment of  volatile  matter  in  a  by-product  plant  is  given  in  Fig.  i8a  It 
presupposes  that  the  gas  rich  in  illuminants  given  off  during  the  first  part 
of  the  coking  period  is  drawn  off  and  treated  separately  from  that  given  off 
later  on. 

Fig.  181  is  a  diagrammatic  representation  of  the  general  arrangement  of 
a  condensation  plant  of  the  United  Coke  and  Gas  Co.  of  New  York  for  using  the 
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Fig.  180. — Tree  showing  treatment  of  volatile  matter  in  by-product  plant. 


surplus  gas  for  illuminating  purposes.  If  fractional  distillation  is  not  practised, 
the  mode  of  operating  and  with  it  the  plant  becomes  very  much  simplified,  as 
the  treatment  of  the  poor  gas  disappears  and  with  it  the  complicated  recovery 
of  benzol.  The  volatile  matter  is  drawn*  from  the  ovens  by  rotary  exhausters 
placed  batk  of  the  scrubbers  and  then  forced  through  the  rest  of  the  plant.  It 
leaves  an  oven  at  a  temperature  of  600  to  700°  C.  through  up-takes  which  are 
cast-iron  pipes  having  valves  to  permit  shutting  off  an  oven.  The  up-take 
pipes  of  a  block  of  ovens  end  in  one  or  two  inclined  collecting  mains  running 
along  the  tops  of  the  ovens,  the  number  depending  upon  the  use  of  surplus  gas 
for  heating  or  illuminating  purposes.    The  temperature  in  the  mains  is  about 

Schnicwind,  Iron  Age^  Nov.  28,  1901. 
At  water,  Tr,  A.  I.  M,  £.,  1903,  xxxiii,  766; 
Catalogue,  United  Otto  System,  New  York,  1906. 

Say,  Bull.  Soc.  Ind,  Min.,  1909,  x,  75,  157,  269,  365,  463,  551;  1910,  xm,  135. 
O.  Rau,  Internal.  Congress  Min.  Met.,  Diisseldorf,  19 10,  p.  280,  vol.  Prakt.  Hdttenw. 
Oencral  Review,  Stahlu.  Eisen,  1910,  xxx,  1235,  1282. 
^  Gradenwitz,  Eng.  and  Min,  /.,  1910,  xc,  825. 
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150"  C.  Some  heavy  hydro-carbons  are  condensed,  and  particles  of  coal  d 
arc  collected.  Tar  and  water  are  condensed  later  and  collected  in  a  cement- 
lined  cistern  (No.  i).  The  gases  pass  through  air-coolers  (Fig.  181)  (oblong 
zig-zag  steel-plate  tubes)  which  reduce  the  temperature  to  about  75°  C.  and 
create  a  vacuum  of  1.2$  in.  water;  then  through  water-coolers  (tubular  boilers) 
which  bring  the  temperature  down  to  about  25°  C,  and  finally  through  a  tar- 
scrubber  (square  steel-plate  box  with  perforated  baffle-plates)  into  the  exhauster 
(rotary  blower)  which  they  enter  with  a  vacuum  of  ^^,75  in.  The  gas  has  been 
freed  from  nearly  all  of  its  tar  and  water  vapor,  both  of  which  are  collected  in 
cistern  No.  i,  the  gas-liquor  of  which  contains  about  0.5  per  cent.  NHj.  The 
gas  leaves  the  exhauster  under  a  pressure  of  11  in.  water.  The  compression 
causes  a  rise  in  temperature  of  6  to  8°  C;  this  is  corrected  by  the  after-cooler 
(called  tar-extractor  in  Fig.  181,  as  the  last  traces  of  tar  are  removed)  which 


Fic.  181.— jVrrangt 

reduces  the  temperature  to  20°  C.  From  the  after-cooler  the  gas  passes 
ammonia  washers  or  scrubbers.'  Stationary  or  rotary  bell-washers  have  been 
replaced  in  some  plants  by  tower-washers,  i.e.,  steel-plate  towers  (Zschokke 
scrubbers.  Figs.  8aa  and  823)  filled  with  wooden  lattice  work  over  which 
weak  ammonia  liquor  from  cistern  No.  i,  or  pure  water,  trickles  downward, 
meets  the  ascending  gas  current,  absorbs  the  NHj  and  forms  a  strong  gas 
liquor  to  be  collected  in  cistern  No.  2,  or  a  weak  liquor  to  be  collected  in 
cistern  No.  1.  Bell-washers,  although  more  complicated  and  expensive  than 
tower- washers,  furnish  a  more  concentrated  NHj  liquor,  e.g.,  2.5  vs.  1  jier 
cent.  NH,. 

WhUe  a  temperature  lower  than  16  to  ao"  C,  would  be  more  favorable  for 
tRe  collection  of  NH.i,  there  is  too  great  a  danger  of  clogging  the  passages  with 
naphthalene.  The  poor  gas  which  has  been  freed  from  tar  and  ammonia  still 
contains  about  jo  grams  benzol  (CiHi)per  cbm.  (0.0012  lb.  percu.  ft.).     As  this 

■  riotz,  Slahl  H.  Eisen,  iS8g,  ix,  7;;;  Thau,  GlOck  au},  1910,  xlvi,  iSjq. 

•  Berber,  StaM  u.  Eiten,  igio,  xxx,  443. 
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»k  ^tw  t^^v^t  {powerful  illuminating  hydrocarboni  it  is  extracted^  from  th€  gas bj 
H»v\iktt.x  kM[  t«ur  oil,  separated  again  from  the  oil  by  distillation  and  conducted  into 
^bbtr^  ^ts  h-|SttS  circuit. 

lu  b'lK*  x8x  the  gas  is  forced  through  three  tar-oil  scrubbers  (Poor Nos.  1,3 
^iml  ,i\  t^>es  through  the  fuel-gas  holder,  which  serves  not  so  much  to  store  gas 
4%ii  U»  «H|uali2e  the  pressure,  and  then  back  to  the  coking-ovens.  The  anovrs 
:^v>w  that  fresh  oil  enters  benzol  washer  3;  slightly  charged  it  goes  to  tank  "No. 
k  v>il''  from  which  it  is  fed  into  benzol  washer  No.  2  to  collect  more  benzol,  and 
when  enriched  to  pass  through  tank  "No.  2  oil"  into  washer  No.  i  where  it 
U'viuncs  saturated  and  flows  into  tank  "sat.  oil."  The  saturated  oil  passes 
ihriiugh  two  benzol  stills  from  which  the  benzolized  gais  enters  the  rich-gas 
i  iri'uit,  while  the  oil  freed  from  benzol  flows  through  oil-coolers  to  the  tank  "fresh 
oil"  ready  to  take  up  again  benzol. 

The  0.7s  to  1. 00  per  cent.  NHa*  of  the  gas  liquor  is  present  as  vdatilc 
(caustic,  carbonate,  sulphide)  and  fixed  (sulphate,  chloride,  cyanide,  rhodanate) 
ammonia;  the  latter  is  decomposed  with  lime  and  the  two  are  recovered  together 
by  distillation'  being  collected  as  (NH4)4S04  in  HsSOi  of  41^  B. 

In  recent  years  the  usual  "indirect  recovery"  of  NHa  of  Otto  just  described, 
which  requires  a  number  of  operations  (air-  and  water-cooling,  water-washing, 
beivaration  of  tar  and  NHs-water,  distillation  with  Ca(OH}x)  has  been  replaced 
in  several  instances  by  what  is  termed  a  "direct  recovery"  in  which  the  oven-gas 
is  freed  from  NH3  by  a  single  operation.^  In  the  Hilgenstock  method*  the  gas- 
current  is  mixed  by  means  of  an  injector  with  finely  divided  tar  which  acts 
as  a  collector  for  tar- vapor  or  mist  and  causes  the  tar  to  separate,  when  the 
tar- free  gas  is  passed  through  H2SO4  which  combines  with  the  NH3  forming 
(NHa)aS04,  insoluble  in  the  acid.     Another  principle  is  that  of  Feld  • 

The  tar^  contains  a  large  number  of  solid  and  liquid  hydrocarbons,  phenols 
uiul  asphalt-forming  constituents.     The  two  proximate  analyses'  of  tar  given  in 

^  Donath,  Oest,  Zt.  Berg.  HUitenw.^  1893,  xu,  637,  649. 
LunRc,  Min,  Ind.,  1896,  v,  185. 
I  leinzcrlingy  op,  cit,,  p.  199. 
A.,  Stdhl  «.  Eiscrif  1897,  x\ii,  531. 
IliiKloy,  Iron  Age,  191 1,  lxxxmii,  756. 

•  Min,  Iftd.f  1895,  i\',  239. 
*0p.  cU.,  1806,  V,  191. 

Koppcrs  plant,  Iron  Agr,  1008,  Lxxxii,  784;  Iron  Trade  Rev,,  1908,  xun,  393. 

*  ()hnrs«>rKO,  Stahl  u.  Kiscn,  loio.  xxx,  113. 
Mryn,  (V5/.  /J,  Brrg,  HuUtnu'.^  iQii,  Lix,  15. 
I )ol)l>rIstnn,  CrVMVA'  Auf^  ioii,XLVii,  194. 
liiirK,  C'lJM.  Min,  ./.,  ion,  xxxii.  440. 

*  HilKrnstiuk,  Stitkl  u.  EhfH,  1000,  xxix,  1644;  Iron  Age^  1909,  Lxxxiv,  1764. 
*Mtt.  ('firm,  rug,,  igii.  x,  ^^05. 

'  llUhhanl,  P..  "Coke  oven  Tars  of  the  V.  S.,"  Dep.  .\gricult.,  Office  Public  Roads,  Circ 
gy,  IVh.  I  J,  u)ij. 

PioxinuUe  Analyytis,  Tml^rhlKe.  J..  ^Vr.  Chrm,  Ind.,  1909,  XX\1I,  230. 
A.  Spieker,  "  Kokerei  \nul  TiHTpixHlucte/*  Knapp,  Halle,  1908,  p.  lOO, 

•  A/iH.  /m/.,  iSof»,  V,  iSS. 


Table  lai  are  from  a  gas-works  and  an  Otto-Hoffmann  coking  plant  workin 
the  same  coal;  26  examples  aie  noted  by  Hubbard. 


Table 

ji. — Proxiiuts  Analyses  or  Gas 

AND  Coke-oven  Tass 
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The  ultimate  composition  is  within  wide  limits.'  Lunge*  gives  as  an  average  J 
C  78.0,  H  6,5.  N  i.o,  S0.5,  O14. 

135.  Comparison  of  Methods  of  Coking.  Yield  and  Cost. — Below  are  1 
assembled  a  few  leading  facts  by  Lucas'  about  coking  in  a  beehive  and  a  by-  I 
product  coking-oven.  Older  data  have  been  published  by  Blauvelt  in  1895*  1 
and  1905.* 

Cosi  or  Coking  in  Beehive  and  Bv-product  Coking  Ovens 

Btehite:  Ordinary  type,  Ji-s  ft.  in  diameter  Cost  Irom  tyoo  tojj.ioopcroven.  Prod>  J 
uct  4  net  tons  of  coke  in  4S  hr.  ■•  3  net  tons  in  34  hr.  Yield  of  coke  from  coal,  60  per  cent.  ,1 
By-products  and  surplus  gas  =  ncme. 

By-product  Oven:     Oven  charge,  g  tons.     Coking-lime,  14  br.     Ovens  may  be  larger 
smaller  than  this,  but  9  tons  would  probably  be  about  the  average  charge  (or  the  modern  1 
type  of  oven.     Coke  produced  on  70  per  cent,  yield  =  6.3  tons  of  coke  per  oven  in  94  hr. 

By-products:     Ammonium  sulphate,  22  lb.  per  net  ton  of  coal  >•  31  lb.  per  net  ton  of  coki 
Value,  1,2%  cents  pet  lb.  above  cost  of  manufacture  =  70  cents  per  ton  of  coke  made.     Tar,  \ 
8.5  gal.  jjcr  ton  of  coal  =  10.7  gal.  (ler  ton  of  coke,  at  2  ctnts  per  gal.  ^   21  cents  per 
of  coke.     Surplus  fits,  5,000  cu.  ft.  per  ton  of  coal  =■  7,143   cu.  ft.  per  too   of  coke,  al 
cents  per  1,000  cu.  ft.   =  71  cents  per   ton  of  coke.     Total  Value  of  By-prodiuili  <ii  abott;    ' 
Ammonium  sulphate  to.070,  tar  $0.11,  gus  to.71  =$1.61  per  ton  of  coke. 

To  the  above  should  be  added  the  difference  between  60  per  cent,  yield  in  beehive  ovcdi 
and  70  per  cent,  in  by-product  ovens  on  the  same  coal.  With  coal  at  $1.50  per  ton;  the  cost 
of  coal  per  ton  of  coke  produced  in  beehive  oven  ■-  $2.50,  that  of  coal  per  Ion  of  coke  pro- 
duced in  by-ptoduct  oven  —  12.14.  Balance  in  favor  of  by-product  oven  =  J0.36.  The 
total  saving  in  coal  and  by-products  equals  I1.62  plus  So.jfi  =-  $1.98  pec  ton  of  coke  made, 
■■  lia.47  per  oven  in  24  ht.  =  $4.S5i-SS  P"  oven  per  year.  The  saving  in  by-products 
■lone,  without  saving  in  coal,  IjJtJ  per  oven  per  year.  For  a  plant  of  100  ovens,  saving 
—  $455, tS5  per  year.  Cost  of  loo-oven  plant  complete  is  approximately  $1,000,000.  A 
too-oven  plant  of  above  capacity  will  produce  630  tons  of  coke  per  day  —  229,950  tons  per 
year,  working  on  24  hr.-coking  time.  II  benzol  is  recovered  it  will  further  add  to  the  income 
from  by-products. 

■GflKJt  Au},  1905, xu,  1406. 

'  "Ckemisch'ltcknisckt.  VtitrrstickungsmelhodeH."  Springer,  Berlin,  1905,  11,  727. 

•  Tr.  A.  I  M.  E.,  191  J,  XMv,  1 70,  184. 

•  Uin.  Ind..  189s.  IV,  241. 

•  Fulton,  op.  oil.,  p.  398. 
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Beehive  vs.  Retort  Oven.^ — ^The  beehive  is  suited  only  for  certain  coals. 
The  plant  is  cheap,  but  the  yield  in  coke  is  low  and  the  production  small  The 
cost  of  coking  is  also  low  although  all  operations  are  carried  on  by  manual  labor. 
Retort-ovens  are  suited  for  a  great  variety  of  coals.  The  plant  is  more  expca- 
sive  than  that  of  the  beehive,  but  the  yield  is  higher.  The  total  cost  of  coking  is 
likely  to  be  higher  than  in  the  beehive  if  all  the  volatile  matter  is  burnt  in  the 
flues,  and  very  much  so  if  by-products  are  recovered.  The  net  cost  with  non- 
by-product  ovens  remains  the  same  as  the  total  cost;  the  net  cost  with  by-prod- 
uct ovens  is  very  much  lower  than  with  the  beehive.  The  higher  yield  in  coke 
of  the  non-by-product  retort  ovens  more  than  balances  the  slightly  higher  total 
cost  of  coking  when  compared  with  the  beehive.  Retort  coke  is  more  uniform 
in  size  and  harder  than  beehive  coke;  it  has  a  smaller  percentage  of  ceU-g)aces 
and  is  therefore  about  lo  per  cent,  heavier,  bulk  for  bulk;  the  resistance  to 
oxidation  by  CO2  is  greater;  the  tensile  strength  is  about  the  same.  It  was  once 
held  that  retort-ovens  could  not  furnish  an  iron  blast-furnace  coke  suited  for 
the  rapid  driving  of  American  practice.  This  belief  was  strengthened  by  the 
experience  of  Bell^  in  England;  later  experiments'  decided  him  to  prefer  Hues- 
sener  by-product  coke  to  that  from  the  beehive.  Tests*  carried  out  at  Syracuse 
and  Buffalo,  N.  Y.,  with  Semet-Solvay  coke  showed  that  pound  for  pound  ^^ 
tort-coke  produced  the  same  amount  of  pig  iron  as  beehive  coke;  later  tests  by 
Uehling^  with  Otto-Hoffmann  coke  showed  that  less  of  this  was  required  to  smdt 
a  ton  of  iron  than  when  beehive  coke  was  used;  and  that  with  an  equal  volume  of 
blast  the  pressure  was  higher.  The  second  fact  agrees*  with  other  experiences 
that  for  the  same  production  it  is  necessary  to  use  a  higher  pressure.  On  the 
European  continent,  beehives  have  fallen  into  disuse;  in  Great  Britain  they  are 
still  in  operation,  although  they  are  giving  way  to  retort-ovens;  in  the  United 
States  where  large  sums  of  money  are  invested  in  beehives,  it  will  take  some  time 
before  they  are  replaced  by  retort-ovens,  especially  also  as  a  market  for  tar  has 
to  be  created;  in  1910,^  17.12  per  cent,  of  the  total  coke  was  made  in  by-product 
ovens. 

Vertical  vs.  Horizontal  Retorts. — With  a  few  exceptions  ovens  with 
vertical  retorts  have  had  to  give  way  to  the  horizontal  type.  Their  advantages 
are:  small  floor  space,  quick  coking  on  account  of  the  large  heating  surface, 
high  and  even  temperature  of  a  retort,  high  coking  column,  ease  of  charging  and 
discharging.  The  disadvantages  are:  small  production,  non-recovery  of  by- 
products, danger  of  overheating  central  retorts,  frequent  repairs  and  necessity 
of  shutting  down  a  block  for  inner  repairs  of  any  kind.     However,  the  ovens 

*  Ernst,  Iron  Agc^  1908,  lxxxi,  220. 

Hartmann,  Proc.  Eng.  Soc.   West.  Pa.,  191 2,  xxviii,  314. 
Blauvclt,  Tr.  A.  I.  M.  £.,  191 2.  xlii. 
Andrews,  op.  cit.,  191 2,  xliv,  154. 

*  /.  /.  atid  St.  /.,  1885,  I,  57;  Stahl  u.  Risen,  1885,  v,  298. 
'  J.  /.  and  St.  /.,  1904,  1, 188. 

*  Fulton,  "Coke,"  1905,  p.  277. 

*  Iron  Age,  June  11,  1903. 

*Min.  Res.  U.  5.,  1910,  part  ii,  p.  262. 


of  Schorr  and  Bauer  (p.  256)  recovering  by-products  show  that  under  suitable 
conditions  the  vertical  retort  may  still  hold  its  own. 

Vertical  vs.  Horizontal  Heating  Flues  in  Horizontal  Retorts.' — 
The  relative  advantages  of  vertical  over  horizontal  heating-flues  or  vice  versa 
cannot  be  so  very  decided  as  otherwise  one  class  would  have  had  to  yield  to  the 
other,  and  we  find  both  in  extensive  use. 

Advantaoes  of  Vertical  Flues  ' — The  brick  retort  is  strong,  the  friction 
in  the  short  flues  is  small,  and  the  gases  make  at  most  two  passes ;  the  danger  of 
uneven  heating  in  the  older  by-product  ovens  has  been  in  part  corrected  by 
the  modem  Otto  method  of  underfiring,  but  the  retort  is  liable  to  be  hotter  near 
the  bottom  than  at  the  top,  and  this  will  act  unfavorably  for  the  recovery  of 
by-products. 

Disadvantages  of  Horizontal  Flues. — The  flues  have  to  be  numerous  to 
give  strength  to  the  retort  (obviated  by  Semet-Solvay  tiles);  flues  are  long, 
causing  much  friction  (obviated  in  part  by  Rothberg's  partition  wall);  gases 
make  more  than  two  passes  which  causes  friction;  uneven  heating  at  center  by 
admission  of  gas  at  ends  only;  greatest  heat  at  top  of  retort  which  is  unfavor- 
able for  recovery  of  by-products. 

Regenerative  and  Non-regenerative  Systems. — The  object  of  having 
regenerators  is  to  utilize  the  heat  of  the  gases  that  pass  from  the  heating-flues 
of  the  retorts  for  the  operation  of  coking  and  not  for  extraneous  purposes,  such 
as  raising  steam,  calcining,  etc.  Working  with  superheated  air  causes  a  saving 
in  heating-gas  and  thus  furnishes  a  larger  amount  of  excess  gas.  As  regenera- 
tors add  about  one-third  to  the  cost  of  the  plant,  they  are  built  only  where  it 
is  of  importance  to  have  a  large  amount  of  excess  gas.  This,  e.g.,  is  the  case  with 
plants  in  which  the  excess  gas  is  used  for  illuminating  purposes.  (Boston, 
Baltimore,  Pittsburgh,  Hamilton,  0.,  Camden,  N.  J.  .  .  ,  ).  That  regenera- 
tors are  not  imperative  is  shown  by  a  Semet-Solvay  plant  furnishing  gas  of  18 
candle-power  to  Detroit,  Mich. 

An  argument  in  favor  of  regenerators  is  that  utilization  of  the  excess  gas  in 
gas  engines'  gives  greater  efficiency  than  raising  steam  with  the  waste  heat  of 
non- regenerative  furnaces. 

Burning  and  Saving  of  By-products.* — The  main  points  to  be  considered 
are  character  of  coal,  yield  of  coke,  cost  and  location  of  plant,  disposal  of  waste 
liquors,  and  market  for  by-products.  Coking-coals  rich  in  volatile  matter  which 
furnish  much  tar,  ammonia  and  benzol,  and  require  slow  coking  are  better 
adapted  for  a  by-product  plant  than  lean  coals  demanding  coking  quickly  at  a 
high  temperature.  In  a  non-by-product  oven  the  volatile  matter,  as  soon  as 
Kt  free,  is  drawn  off  into  the  beating-flue  and  is  given  little  chance  for  deposi- 
'Schniewind,  Iron  Agr,  tSgSi  lv,  446. 

Alwater,  Coll.  Guard.,  :8g6,  lxm.  695. 

Blauvdt,  Win,  Ind..  1857,  vi,  173;  Tr.A.l.  Af.  £.,  igii.xuv,  154. 
'  Fieschli,  Eng.  and  Mil.  J.,  1908,  ucxxvi,  J78. 

'  Baum,    "  Die   Verwcrtung   ties   Kokwlcngases,   insbesondeie   seioe   VcrwendunR  zum 
Gumotarenb«tricb,"  Springer,  Berlin,  1904. 
•  Blftuvdt,  Tr.  A.  I.  M.  £.,  igii,  xuv,  154. 
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tion  of  carbon;  further  since  the  pressure  in  the  retort  is  slightly  below  atmos- 
pheric, air  is  likely  to  enter  through  unavoidable  cracks.  For  both  reasons 
the  yield  in  coke  is  from  3  to  5  per  cent,  smaller  than  in  a  by-product  plant. 
The  cost  of  the  latter  is,  however,  three  to  four  times  as  great  as  a  non-by- 
product plant.  A  by-product  plant  requires  large  amounts  of  water  and  has 
to  dispose  of  corresponding  quantities  of  offensive  waste  liquors^  charged  with 
cyanides,  purifiers  and  other  refuse;  it  further  liberates  offensive  odors  (HjS). 
In  the  United  States  there  is  a  steady  demand  for  (NH4)2S04,  but  the  tar 
industry  is  still  in  its  infancy;  nevertheless  by-product  plants  are  Steadfly 
growing  in  number. 

136.  Liquid  Fuels  in  General. — Petroleum  is  the  leading  natural  liquid 
metallurgical  fuel.  The  artificial  oils  obtained  in  the  distillation  of  shales  and 
of  tars,  and  in  coking,  and  collected  from  iron  blast-furnace  gases  run  with  coal, 
are  of  secondary  importance. 

137.  Petroleum.^ — Petroleum  has  been  used  in  Europe  and  Asia  for  centuries. 
Evidence  exists  that  petroleum  was  known  to  prehistoric  inhabitants  of  the 
United  States.  The  industrial  production  of  petroleum  began  in  the  United 
States  in  1859  with  the  striking  of  oil  in  the  Drake  well  at  Titusville,  Pa.  The 
United  States  was  the  only  important  producer  until  the  deposits  of  Baku  near 
the  Caspian  sea  began  to  be  operated  about  1872. 

The  world's  production  in  1910  is  given  in  Table  122. 


Table  122 


. — World's  Production  of  Petroleum  in  19 10' 
(Bbl.  at  42  gal.) 


Country 


Million  Per  cent, 
bbl.  i      total 


United  States 

Russia 

Galicia 

Dutch  East  India 

Roumania 

India 

Mexico 


Million 
bbl. 


Percent 
total 


209 

1 
6399     1 

70 

21.48 

13 

3.87 

II 

3.37 

10 

2.97     1 

6 

1.87 

3 

1,02 

'1 

Japan 

Peru 

Germany 

Canada,  Italy,  others 

Total 


0.59 
0.40 

0.32 
o.ia 


100 


The  production  of  the  United  States  in  19 10  (see  op.  cit.,  p.  329)  is  given  in 
Table  123. 

*  Wilson,  Trans.  Inst,  Min.  Eng.^  1910,  xxrx,  71. 

*  Peckham,  S.  F.,  "Report  on  Production,  Technology  and  Uses  of  Petroleum,"  Tenth 
Census  U.  5.,  1880,  Washington,  1885. 

Crew,  B.  J.,  "A  Practical  Treatise  on  Petroleum,"  Baird  &  Co.,  Philadelphia,  1887. 
Redwood,  B.,  "Petroleum,"  Griflin  &  Co.,  London,  1906. 

Richardson,  "The  Petroleum  of  North  America,"  /.  Frankl.  Inst.y  1906,  CLXii,  57,  81. 
Tassart,  L.  C,  "Exploitation  du  p^trole,"  Dunod,  Paris,  1908. 

Engler,  C,  and  Hofer,  IL,  "Das  Erdol,"  Hirzel,  Leipsic,  1909,  5  Vol.,  in  process  of  pub- 
lication. 

*Min.  Res.  U.  S.,  1910,  11,  454. 
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Table  123  — Production  of  Petroleum  in  the  United  States  in  19 10 

(Bbl.  at  42  gal.) 


Sute 


Rank 


CaUfornia 

Oklahoma 

niinob 

West  Virginia 

Ohio.. 

Toas 

Pennsylvania. 

Louisiana 

Indiana 

Kansas 


Million 
bbl. 


Percent- 
age 


State 


I 

73 

1 
34  84 

2 

SZ 

24.83 

3 

33 

15.82 

4 

12 

S-61 

5 

10 

4.73 

6 

9 

4.2s 

7 

9 

4.20 

8' 

7 

3.26 

9 

2 

1.03 

10 

I 

0.54 

New  York. 
Kentucky. 
Colorado. . 
Wyoming. 

Utah 

Michigan. , 
Missouri. . 


Total. 


Rank 


II 
12 

13 

14 

15 
16 

17J 


Million 
bbl. 


Percent- 
age 


209 


0.50 
0.22 
0.12 

o.os 


100.00 


The  United  States  Geological  Survey^  distinguishes  the  following  oil-fields: 
The  Appalachian  Field  includes  western  New  York,  Pennsylvania,  eastern 
Ohio,  West  Virginia,  Kentucky,  Tennessee.  The  oil  is  free  from  S  and  asphalt, 
rich  in  paraffine  wax,  yields  largest  percentage  of  gasoline  arid  illuminating  oils. 
The  Lima-Indiana  Field  includes  northwestern  Ohio  and  a  strip  of  middle 
Indiana.  The  oil  contains  S,  requires  special  treatment  and  yields  paraffine 
wax.  The  Illinois  Field  includes  southeastern  Illinois.  The  oil  contains  less 
S  than  the  preceding;  much  of  it  requires  no  special  treatment;  some  contains 
asphalt  as  well  as  paraffine.  The  Mid-continent  Field  includes  Kansas,  Okla- 
homa and  northern  Texas.  The  oil  may  contain  both  asphalt  and  paraffine. 
The  Gulf  Field  includes  Texas  and  Louisiana.  The  oil  contains  much  S,  yields 
valuable  lubricating  oils  and  gasoline.  The  California  Field  includes  California. 
The  oils  contain  much  asphalt,  little  or  no  paraffine.  ^  Other  Fields:  Small  quan- 
tities of  oil  are  produced  in  Wyoming,  Colorado,  Indiana,  Michigan,  Montana, 
Washington,  western  Oregon,  eastern  Oregon,  Idaho,  Nevada,  and  southwestern 
Utah.    Of  these  Wyoming  gives  most  promise. 

Crude  Petroleum. — Crude  petroleum  is  an  odorous  fluid  ranging  in  color 
from  pale-yellow  to  black,  and  in  fluidity  from  highly  mobile  to  viscid.  Its 
specific  gravity  varies  from  0.73  to  0.97  (61  to  14°  Be.).  The  specific  gravity 
is  usually  given  in  degrees  Beaum6  for  liquids  lighter  than  water  (range:  10  to 
9S°  Be.  =  spec.  gr.  i.oooo  (HjO)— 0.6222).  American  oils,  on  the  whole,  have  a 
lower  specific  gravity  (47  to  25°  B6.)  than  those  of  Russia  (36  to  14°  B6.).  Some 
Wyoming,'  California*  and  Tcxas^  oils  resemble  the  Russian  oils.    Light-color 

^Min.  Res.f  U.  5.,  1907,  p.  352;  1908,  p.  352. 

'  Requa,  M.  L.,  "Oil  Resources  of  California,  University  Cal.,  191 2. 

'  University  of  Wyoming,  School  of  Mines  Petroleum  Series  Bulletin. 

*  Allen,  I.  C,  and  Jacobs,  W.  A.,  "  Physical  and  Chemical  Properties  of  Petroleum,  San  Joa- 
quin, Cal.,  BuU,  19,  Bureau  Mines,  Washington,  1911. 

•  Phillips,  W.  B.,  "Texas  Petroleum,"  Bull,  5,  University  of  Texas,  1900. 
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oils  usually  have  a  low  specific  gravity.  The  specific  gravity  of  some  American 
oils  according  to  Oliphant^  is  in  deg.  B6.:  Pennsylvania  46  to  43;  Ohio  43  to  32; 
Kansas  39  to  10;  West  Virginia  38  to  30;  Beaumont,  Texas,  25  to  31;  Wyoming 
23  to  I?,  California  22  to  12.  The  higher  the  specific  gravity  or  the  lower  the 
degree  B6.,  the  more  viscous  the  oil  and  the  lower  the  calorific  power.*  Petro- 
leum slowly  volatilizes  in  part  when  exposed  to  air,  as  the  lighter  CxHy  pass  off; 
the  specific  gravity  increases  correspondingly,  the  oil  becomes  less  mobile  and 
finally  viscous  or  solid.  The  solidifying  point  of  crude  oil  ranges  from  +28  to 
—  18°  C,  and  is  usually  below  0°  C;  the  flash  point  (the  lowest  temperature  at 
which  inflammable  vapors  are  given  off)  from  160  to  — 18°  C,  ancl  is  usually  room 
temperature,  18°  C;  the  boiling-point  82  to  170®  C.  (Pennsylvania  oils  74  to  82* 
C);  the  burning  point  (the  temperature  at  which  by  continued  heating  oil  takes 
fire  and  burns)  lies  10  to  15®  C.  above  the  flashing  point.  If  the  two  lie  dose 
together,  the  oil  is  homogeneous;  if  not,  it  is  a  mixture  of  light  and  heavy 
fractions. 

The  iJtimate  analysis'  gives  C  79.5  to  88.7,  H  9.6  to  14.8,  S  0.07  to  2.00, 
O  0.9  to  3.2,  N  0.008  to  1. 10.    The  calorific  power  is  about  10,000  calories. 

Table  124. — Ultimate  Analyses  of  Petroleum 


Rind  and  locality 


B4. 

C. 

H. 

O.+N. 

S. 

CaL  power 


Heavy  oil,  (a) Pennsylvania. 
Light  oil,  (a) Pennsylvania. . 
Heavy  oil,  (a) West  Virginia. 
Light  oil,  (a) West  Virginia. . 

Heavy  oil,  (a)Ohio 

Rothwell,  (a)  Canada 

,  California 

,  (6)  California 

Beaumont,  (c)Texas 

Heavy  oil,  (a)Baku 

Light  oil,  (a)  Baku 

Refuse,  (a)  Baku 


28 

39 
30 
36 
28 


15 
22 

28 
00 


9 
o 

5 

3 
2 


84 
82 

83 
84 
84 

84.3 
86.9 

81. 5 

84.6 

86.6 

86.3 

87.1 


13-7 
14.8 

13-3 
14. 1 

131 
13.4 
II. 8 

lO.O 

10.9 
12.3 
13.6 
II. 7 


1.4 
3.2 
3-2 
1.6 
2.7 

2.3 
I.I 

6.9 
2.9 
I.I 
0.1 
1.2 


o-SS 
1.63 


10,672 

9,9^3 
10,180 

10,223 
10,399 

",399 
11,728 

10,360 

10,578 

10,800 

12,650 

10,700 


(a)Poole,  H.,  "Calorific  Power  of  Fuels,"  Wiley,  New  York,  1900,  pp  251,  252. 

(6)Peckham,  op.  cit.,  p.  53. 

(c)Melville,  "Report  U.  S.  Naval  Fuel  Board,"  Washington,  1904,  pp.  68,  69. 

Rational  Analysis  of  Petroleum. — The  rational  analysis  shows  that 
petroleum  consists  essentially  of  two  series  of  CxHy!  The  methane  (paraffine) 
series,  CnH2,H-2  ^^^  the  ethylene  (olefine)  series,  CzHsn.  Most  American 
oils  belong  to  the  methane  series;  the  oils  from  Baku  belong  to  the  ethylene 
series. 

^  Ries,  H.,  **  Economic  Geology  of  the  U.  S.,  "  Macmillan,  New  York,  1905,  p.  41. 

*  Shermann-Kropf,  Braunkohle,  1908,  vii,  660. 
Penn,  Min.  Sc.  Press,  1909,  xcix,  874. 

*  Mabery,  Am,  Chem,  /.,  1897,  XDC,  419;  loos^yxxxii,  asi. 
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The  products  of  fractional  distillation^  may  be  roughly  divided  into  time 
groups:  Light  oils/ which  distil  at  150^  C.  or  less;  illuminating  oik,  passing  over 
at  150  to  300^  C;  residuum,  remaining  behind  at  300^  C.  Light  oils  upon 
further  fractioning  yield  petroleum  ether  (40  to  70^  C,  85  to  82^  B6.);  gasoline 
(70  to  80^  C,  88  to  80^  B6.);  and  petroleum  spirit  (a  series  of  three  naphtbis, 
called  C-,  B-  and  A-naphthas,  80  to  150^  C,  80  to  60^  B6.);  they  are  used  is 
solvents  for  resin,  oil,  grease;  used  in  gas  engines  and  benzine  lamps,  and  is 
dryers  for  paints,  etc.  The  illuminating  oil  (56  to  32^  B6.)  is  purified  and  fonns 
the  commercial  burning  oil  kerosene. 

The  residuum  (marzut  of  Baku)  >  38^  B6,  is  used  as  liquid  fuel  in  reveiben* 
tory  and  crucible  furnaces,  or  is  further  fractioned  yielding  heavy  oils  (58  to 
33^  B6.,  used  for  lubricating) ;  paraffine  oil,  33  to  16^  B6.  (paraffine  usedinmanii- 
facture  of  candles),  and  coke  (manufacture  of  carbon  electrodes).' 

Table  i  26. — Ultimate  Analysis  and  Caloritic  Power  of  Petrolextm  Coke 


Specific  gravity 

C ; 

H 

S 

O.+N 

H,0 

Ash 

Total 

F.  C.+ash 

Cal.  power  (det.  in  bomb),  calories 


Orsowa, 

CeUe-WietK, 

Hungary 

Genniny 

1.3698 

I.3SS0 

91.72 

8744 

3  64 

3  37 

0.88 

1.40 

3  OS 

3.29 

0.53 

1.40 

0.18 

3W 

The  microstructure  of  petroleum  coke  has  been  studied  by  Roush.' 
138.  Use  of  Oil  as  Puel.^ — This  has  many  advantages  over  solid  fuel. 

^  Aisinman,  S.,  "Die   Destructive  Destination  in  der  Erddlindustrie,"  £nke,  Stuttgtrti 
1900. 

*  Prunier-Varenne,  Bull.  Soc.  Chim.,  1880.  xxxiii,  567;  Compi,  Rend.,  1880,  xc,  1006. 

'  /.  Ind.  Eng.  Chcm.f  191 2,  in,  368;  Metallurgies  1912,  DC,  166. 

*Twcddle,  "Crude  Petroleum  and  its  Products  as  Fuel,"   Eng.  Min,  /.,  1899,  ucvni, 

459,  517. 

Phillips,  Bull.,  Univ.  of  Tex.,  No  5,  1900,  p.  80. 

Williston,  "Liquid  Fuel  for  Power  Purposes,"  Eng.  Mag.^  1903,  xxv,  237,  562,  721. 

Melville,  "Report  U.  S.  Naval  Liquid  Fuel  Board,"  Washington,  1904  {Summary^  Ui^» 
Ind.y  1902,  XI,  501). 

Aubry,  Bull.  No.  32,  State  Mineralogist  of  Cal.,  Sacramento,  1904,  pp.  58-160. 

North,  S.  IL,  **Oil  Fuel,"  Griffin,  London,  1905. 

Booth,  \V.  IL,  "Liquid  Fuel  and  its  Apparatus,"  Dutton,  New  York,  1912. 

Allen,  L  C,  Specifications  for  the  Purchase  of  Fuel  Oil  by  the  Govcmment,  Ttcknk* 
Paper,  Na  3,  Bureau  Mines,  Washington,  191 1;  also  Cass.  Mag.,  1911,  XL,  383. 
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For  ihe  same  fuel  value  the  weight  and  volume  of  oil  is  60  to  70  per  cent. 
that  of  good  bituminous  coal;  there  is  next  to  no  ash  and  less  labor;  starting, 
regulating  and  slopping  of  fire  arc  easily  managed;  there  is  no  dirt.    The  dis-  | 
advantages,  such  as  danger'  of  explosion,  loss  by  evaporation,  odor,  etc.,  are  \ 
small.     The  crude  oil  of  Texas,  Louisiana  and  California  is  used  extensively  in 
the  Southwest  and  West  as  a  boiler  and  metallurgical  fuel,     Residuum  serves 
commonly  as  an  industrial  fuel.     This  is  especially  the  case  with  oil  from  the 
Lima-Indiana  and  Colorado  fields.     The  greatest  development  of  burning  liquid 
fuel  is  that  of  eastern  Europe  and  southern  Asia  where  the  residuum  (mazut) 
or  natural  heavy  oil  (astaki)  of  Baku  is  shipped  by  river  in  steamers  as  far 
north  as  St.  Petersburg  and  Moscow  to  metallurgical  and  general  industrial 
plants.     In  the  east  of  the  United  States  very  little  residuum  is  burnt  as  fuel  on   1 
account  of  its  high  price. 

Residuum  or  heavy  oil  being  viscous  must  be  heated  to  40  or  50"  C.  before 
it  can  be  satisfactorily  atomized.  Compressed  air  used  for  this  purpose  is  gen- 
erally preheated;  sleam  of  high  pressure  is  more  advantageous  than  steam 
of  low  pressure;  a  combination  of  steam  for  heating  and  air  for  atomizing  gives 
the  most  satisfactory  results.  Dclailsare  taken  up  in  S153  in  which.apparatus 
for  burning  liquid  fuels  is  described.  The  working  of  oil-bearing  shales,  of  iron 
blast-furnace  tar,  etc.,  belong  to  industrial  organic  chemistry." 

139.  Gaseous  Fuel  in  General.'— Exudations  of  gas  from  the  earth  were 
known  in  ancient  times  {Holy  fires  of  Baku).  Natural  gas  was  used  for  illumi- 
nating purposes  in  1667  at  Wigan,  England,  in  1821  at  Fredonia,  N.  Y,;  brine 
was  eva|XJrated  with  it  in  the  seventeenth  century  in  China,  and  in  1841  in 
Ihe  Kanawha  Valley,  W.  Va.  The  beginning  of  the  industrial  use  of  artificial 
gaseous  fuel  was  made  in  1S31  by  Faber  du  Faur*  at  the  iron  works  of  Wasseral- 
fingen,  Germany,  He  withdrew  the  gas,  usually  burning  at  the  top  of  the  iron 
blast-furnace,  from  below  the  throat  and  used  it  for  puddling  and  for  heating  the 
blast.  Today  gaseous  fuel  is  not  uncommon  in  industrial  heating,  and  its  ap- 
plication for  this  purpose  is  increasing.  The  reasons  for  this  are  that  f^seoua 
fuel  offers  many  advantages  over  solid  and  even  over  liquid  fuel.  The  leading 
ones  are;  (i)  That  perfect  combustion  can  be  obtained  with  a  small  excess  of  air 
over  that  required  by  theory  on  account  of  the  intimate  mixing  of  gas  and  air. 
(3)  That  a  high  temperature  can  be  obtained  on  account  of  this  nearer  approach 
to  perfect  combustion,  and  the  smaller  volume  of  products  of  combustion  which 
draw  off  heat,     (j)  That  air  and,  as  a  rule,  gas  can  be  preheated  with  the  waste 

'  Cdii.  Hag.,  iSgg,  xvii,  11. 

•Lunge,  G.,  "Coal  Tar  and  Ammonin,"  Gumey.  Loodon,  ;900, 
Hcdwood,  B.,  "A  Trtalisc  on  relroltum,"  GriSin  &  Co.,  London,  1013. 
EUs,  R.  W.,  "Joint  Report  00  Ihe  Bituminous  or  Oil-shales  of  New  Brunswick  and  Novi 
Sootia,  alao,  on  the  Oil-sbale  Industry  of  Scotland,"  Canada  DtparlmeM  o/  Jf  inei,  Nob.  jj  and 
tto7.  Ottawa,  1910. 

Baikerville,  "Distillation  o(  Oil  thole,"  Eng.  Min.  J.,  1909,  UCXXVUI.  149.  196. 
'Ledebur,  A.,  "  Gasfeuerungcn,"  Felii,  Lripiic,  tSgi. 
Steinmann,  F.,  "Compendium  dcr  Gasteuening,"  Fdix,  Leipsic,  1900. 
Delesw,  Ann.  itin.,  1841,  i,  433i  Baui,  Staki  w.  Ehtn,  1904,  xxiv,  %t>i. 
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heat  of  the  furnace.  (4)  That  the  control  of 
admission  of  gas  and  air  permit  maintainbg  a 
uniform  character  of  fire  with  a  uniform  tem- 
perature. (5)  The  gas  can  be  produced  either 
at  the  furnace  where  it  is  to  be  burnt,  or  at  a 
centrally  situated  place  and  then  piped  to  the 
different  furnaces.  (6)  That  an  inferior  fuel 
may  be  used.  (7)  That  gas  may  be  used  for 
generating  power  by  means  of  gas  engines  with 
a  high  degree  of  efficiency. 

In  metallurgical  plants  gaseous  fuel  will 
be  employed  mainly  in  furnaces  working  con- 
tinuously. Formerly  it  was  used  principally 
in  high -temperature  (smelting,  reheating)  fur- 
naces; at  present  it  is  making  its  way  in  low- 
temperature  (roasting)  furnaces  from  which  the 
products  of  combustion  pass  ofi  at  a  tempera- 
ture of  less  than  300"  C. 

The  leading  gases  are  natural  gas,  coal  gas, 
producer  gas,  iron  blast-furnace  gas,  water  gas 
and  oil  gas.  Table  127  giving  average  analyses  of 
these  gases  is  arranged  according  to  heat  values. 

140.  Natural  Gas.' — In  the  United  Stales 
natural  gas  was  first  put  to  economic  use  in 
iS^i  at  Fredonia,  N.  Y.;  in  1875  it  was  piped 
the  first  time  for  any  considerable  distance 
(Butler  Co.,  Pa.);  the  piping  of  natural  gas 
from  the  Murraysville  district  into  Pittsburgh, 
Pa.,  in  1883  marks  the  beginning  of  its  exten- 
sive use  there.  In  Ohio,  natural  gas  was  dis- 
covered at  Findlay  in  1885,  and  closely  followed 
by  its  discovery  in  Indiana.  Natural  gas  be- 
came of  industrial  importance  in  southeastern 
Kansas  in  1892.  Table  128  gives  the  total  in- 
dustrial consumption  of  natural  gas  in  the 
United  States  in  igio. 

The  table  shows  that  Pennsylvania  still  re- 
mains in  the  lead.  West  Virginia,  Kansas, 
Ohio  and  Oklahoma  form  the  leading  producers 
at  present.  The  average  price  per  1,000  cu.  ft. 
b  8.63  cents. 

'  Eif»erUh  Cfnius  V.  S.,  1890,  "Mineml Industries," 
p.  505;  T%nlflk  Centus,  1900,  "Mine*  and  Quarrica," 
p.  767;  Jf  in.  Reiources  V.  S.,  iSqz  and  following ;£i{illA 
Mi  TvtnMh  Ann.  tUporlt  V.  S.Geot.Suney. 
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GENERAL  METALLURGY 


Natural  gas  in  the  ground  is,  as  a  rul^,  under  considerable  pressure:  700 
11k  per  sq.  in.  in  Pennsylvania;  450  in  Ohio  and  500  in  Indiana;  these  fi^uns 
have  decreased,  as  the  gas  in  being  consunied,  to  50  in  Pennsylvania,  20  in  (%» 
and  70  in  Indiana.  The  gas  flows  by  its  own  pressure;  if  the  distance  is  too 
great  or  the  pressure  too  low,  it  is  pumped  and  forced  onward  by  comprcsson. 
The  gas  of  Butler  Co.,  Pa.,  with  an  initial  pressure  of  119  lb.  per  sq.  in.  travosed 
1 7  miles  of  6-in.  pipe  in  20  minutes.^  A  pumping  plant'  in  Indiana  receives  gis 
at  100  lb.  pressure,  compresses  it  to  300  lb.  and  delivers  1,500,000  cu.  ft  per 
hour  through  a  lo-in.  pipe  to  Indianapolis,  30  miles  away,  at  a  pressure  littk 
above  atmospheric* 

Natural  gas  contains  90-97  per  cent.  CH4;  the  remainder  is  N,  H,  CO, 
COt,  0  and  HsS,  as  seen  by  the  analyses  given  in  Table  129. 


Con- 
■lituent 


H 
CH4 
ill.  CxHy 
CO 
COt 
0 
N 
HtS 


Table  i  29. — Analyses  of  Natural  Gas 


Penosylvania 


Indiana 


I 


Ohio 


NewToffc 


Kane, 
Mc- 

Kean 
Co.* 


I 


Lyons 

Run. 

Mur. 

rays- 
ville* 


Aver- 
age' 


Mun- 

•    6 

cie 


Koko- 
mo* 


Foa- 

Pind- 

«  ■   > 

AMa- 

j 
Fred-  ' 

toria* 

lay* 

Ida' 

wat- 
amie* 

onia* 

Weft 

Bloom* 

fidd 


I 


S-30 

90.01 

97.70 

60-80 

trace 

trace 

0-8 

0.30 

0.30 

trace 
0.3-3 

trace 

9.79 

3.03 

1       1--I3 

2. 35 

1.4a 

X.89 

X.64 

93.67 

94.16 

93.84 

93.35 

0.35 

0.30 

0.30 

0.35 

0.4s 

0.55 

0.55 

0.41 

0.3S 

0.39 

0.30 

0.35 

0.3s 

0.30 

0.35 

0.39 

3  53 

3.80 

3.83 

3.41 

O.IS 

0.18 

0.15 

0.30 

1 

89.66 

•    ••••••   1 

97.63 

0.33 

1.33 

X.33 

0.90 

0.33 

0.45 

trace 

7.76 

0.60 

90.0s  

trace  '    3-94 
0.41  I  lo.n 

, 82.41 

, I     0.2J 

9.54      431 


I 


Gas  from  Pennsylvania  is  frequently  without  odor;  gas  from  Ohio  andb- 
(liana  contains  much  HzS.  The  analyses  show  that  natural  gas  is  a  heating  gas 
and  that  its  illuminating  power  is  weak.  The  calorific  power  of  i  cbm.  is  8,000 
to  10,000  Cal.  Upon  superheating  or  in  imperfect  combustion  natural  gas 
deposits  hard,  black,  glossy,  sonorous  carbon,  the  "Natural-gas  Coke"  or  "Gas 
Curbon**  which  being  absolutely  free  from  grit  is  manufactured  into  lamp- 
black, printer's  ink,  paint,  also  into  electric-light  carbons. 

•  Mineral  Resources  t/.  5.,  1892,  p.  656. 

•  Cass,  Mag,f  1897-98,  xiii,  293. 

•  Liquefied  Products  from  Natural  Gas:  Allen,  I.  C,  and  Burrell,  G.  A.,  Tecknic.  Paper 
No.  10,  Bureau  Mines,  Washington,  191 2. 

Leland,  Eng,  Min.  /.,  191 2,  xciv,  991. 

•  Afin.  Res,  U.  5.,  1892,  653. 

•  7V.  A,  I,  M.  £.,  1886-87,  XV,  Ti. 

•  lUghih  Ann,  Rep,  U.  S,  Geol,  Surv,,  1896-97,  582. 
'  Min,  Resources  of  Kansas ,  1897,  p.  52. 
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141.  Coal-gas  and  By-product  Coke-oven  Gas. — Coal  gas,  6rst  produced  ' 
by  Murdock  in  1798,  results  from  the  destructive  distillation  of  bituminous 
coal.  The  coal  is  distilled  in  fire-clay  retorts  that  are  fired  with  coal,  coke  or 
producer  gas.  A  retort  is  about  26X 16  in.  in  cross- section,  8  to  10  ft.  long,  and 
has  walls  1.5  to  3  in.  thick;  it  is  charged  with  400  to  500  lb.  coal;  the  distillation 
lasts  four  or  more  hours.  The  coke  produced,  15  to  25  per  cent,  of  the  weight 
of  the  coal,  is  porous  on  account  of  the  small  height  of  the  charge  which,  when 
in  a  semifused  state,  is  swelled  by  the  gases.  An  analysis  of  coal  (bench- illumi- 
nating) gas  was  given  in  Table  127.  There  is  little  difference  in  composition 
and  hence  in  heating  value  between  bench-  and  coke-oven  gas.  Bench-gas  as  a 
rule  runs  a  little  lower  in  H  and  higher  In  CH*  than  coke-oven  gas;  its  illuminat- 
ing power  is  greater  (18  to  10  vs.  10  to  12  candles)  on  account  of  the  higher  per- 
centage of  CjH<.  One  net  ton  of  gas-coal  yields  about  10,000  cu.  ft.  bench-gas. 
Illuminating  gas  on  account  of  the  cost  of  production  is  too  expensive  to  be 
used  as  an  industrial  fuel.  This  is  not  the  case  with  the  gas  from  by-product 
coke-ovens.  The  relation  of  cost  of  the  two  processes  is  shown  in  the  Tables 
130  and  131.'  In  Table  130  the  calorific  value  of  100  lb.  of  Cape  Breton  coal  is 
traced  through  the  products  obtained  in  an  Otto-Hoflmann  by-product  coke- 
oven;  in  Table  131  these  figures  are  compared  with  the  data  of  average  German 
gas- house  practice. 


Table  130. — Compakativb  Costs  of  Bbnch  a 


CoKC-ovEN  Gas 


o  lb.  dry  Cape  Breton  coal  yield — 


Total  catoriGc 
(B.t.u.) 


calorific  powei 
ot  dry  coal 


71. 1 J  lb.  coke 

3.381b.iar 

31Q.G  cu.  (t.  lUTplua  gas  

1J4.»  cu.  (t.  heating  gas  

Aminonia  liquor,  sulphur  in  purifier,  and  loss. 


>57.S«4 
>3*.8JS 


Totftl  — 100  pounda  dry  coal  . , 


Tabic  131  shows  that  in  the  by-product  coke-oven  practice  10.7-1-0.3  =  10.9 
per  cent,  of  the  heat  value  of  the  coal  is  consumed  in  destructive  distillation, 
while  gas  bouse  practice  requires  10.1-1-17.0  =  27.1  percent. 

'  Hofman.  Enj,  and  itin.  J.,  1898,  lxvi,  460. 
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Table  131 


llie  heat  contained  in  100  pounds  dry  coal  is 
distributed  as  follows: 


Per  cent,  of  total  heat  value  of  coal 


German  coal  in  gas 
retorts 


In  coke,  salable 

In  Coke  used  for  heating  retorts 

In  tar 

In  gas,  salable 

In  gas  for  heating  ovens 

In  ammonia  liquor,  sulphur  in  purifiers,  and 
loss. 


Total. 


Heat  used  and  lost  in  distillation  process. 
Heat  contained  in  products 


Total. 


46.4 
10. 1 

55 
21.0 


17.0 


lOO.O 


27.1 

72.9 


lOO.O 


Cape  Breton  cotl  in 
Otto-Hoffmann  oveos 


72.3 


4.1 
12.7 

10.7 

0.2 


100. 0 


10.9 
89.1 


100. 0 


142.  Producer  Gas.^ — Producer  gas  is  the  result  of  imperfect  combustion  of 
C  by  means  of  air.  It  is  made  in  a  producer,  generally  a  low,  shaft-like  furnace, 
holding  a  deep  bed  of  incandescent  fuel,  through  which  air  or  air  and  steam  is 
drawn  or  forced.  The  results  of  the  experiments  of  Ernst,*  plotted  in  Fig.  182, 
show  that  C  heated  in  air  begins  to  be  oxidized  at  400^  C.  and  bums  mainly  to 
CO2;  the  formation  of  CO2  increases  with  the  temperature  up  to  700**  C,  when 
that  of  CO  grows  up  to  995**  C;  above  this  temperature  no  more  COj  is  formed. 
A  producer  run  on  C  at  1,000°  C*  ought  to  furnish  a  mixture  of  CO  and  N.  The 
composition  of  such  a  gas  would  be  as  follows: 

*  Deschamps,  J.,  "Les  Gazogenes/'  Dunod,  Paris,  1902. 

Sexton,  A.  H.,  ''Producer  Gas/'  Scientific  Publishing  Co.,  Manchester  (England),  1905. 

Wyer,  S.  S.,  "A  Treatise  on  Producer  Gas  and  Gas  Producers,"  Eng,  and  Min.  /.,  New 
York,  1907. 

Jiiptner,  H.  von.,  "Beitr&ge  ziir  Theorie  des  Generator  (oder  Luft-)  und  desWasser- 
Gases,"  Enke,  Stuttgart,  1904. 

Dowson,  J.  E.,  and  Larter,  A.  T., "  Producer  Gas,"  Longmans,  Green  &  Co.,  London,  1912. 

Fischer,  F.,  ''Kraftgas,  seine  Herstellung  und  Beurtdlung,"  Spamer,  Leipsic,  191 1. 

Campbell,  Tr,  A.  I,  M,  E,,  1890-91,  xex,  p.  136. 

Larmann,  Stahl  u.  Eisen,  1903,  xxin,  433,  515,  1151,  1154. 

K5rting,  op.  cii,,  1907,  xxvn,  685. 
«  Ernst,  /.  prakt.  Chemie,  1893,  xlvi,  31;  /.  /.  and  St.  /.,  1893,  i,  p.  217;  Oest.  Zt.J» 
Berg.  HiUtenw.,  1894,  xlh,  p.  239;  Berg.  HUttenm.  Z.,  1893,  i^»  286. 

*Le  Chatelier's  measurements  gave  720^  C.  as  the  temperature  of  the  gas  leaving  the 
producer,  and  400^  C.  when  in  the  cooling  tube:  Eng.  and  Min  /.,  1890,  L,  429. 
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Table  ijj. — Tbeoreticai.  CoicosiTtON  07  Peoduceb  Gas 


Per  cent 

CO 

N 

34.  S7 
34.59 

65.41 
65-43 

dual  work,  gas  free  from  CO*  is  not  obtained,  as  producers  are  not  run 
out  at  1,000°  C,  and  as  the  fuel  bed  is  not  sufficiently  high  to  pre- 
ly  free  O  from  passing  which  bums  some  CO.     In  addition  to  CO  and 


ifir 

mu 

> 

'tv 

^ 

■-^ 

^ 

^ 

" 

m 

■~- 

-^ 

■<< 

c 

tm\ 

lUtl 

«o 

^ 

N 

c 

aC 

3m 

do 

>i 

/ 

\ 

/ 

\ 

f. 

■■ 

9 

,  ^ 

1 

' 

- 

— 

y 

J 

^ 

Fic.  iSa. — Combustion  of  C  to  CO  and  C0>  as  governed  by  temperature. 

;as  contains  some  H  which  comes  from  the  fuel  and  from  the  decom- 
of  the  moisture  of  the  air  by  incandescent  carbon:  HtO+C=Hs+CO- 
c  133  gives  averages  of  three  analyses  by  Ebelmen  using  charcoal'  and 
ley  represent  a  very  high  grade  of  gas  from  carbonized  fuel: 

.  Mv».,  1843.  m,  p.  115, 
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Table  133.— High-grade  Producer  Gas  prom  Carbonized  Fuel,  Per  Cent.  Vol 


Gas  made  from 


CO, 


H 


Charcoal 
Coke. . . . 


33  63 
3331 


It  is  not  often,  however,  that  carbonized  fuels  are  used  for  making  producer 
gas;  usually  natural  fuels — wood,  peat,  brown  coal,  bituminous  coal,  and  anthn- 
cite — serve  for  this  purpose.     In  gasifying  these,  two  processes  go  on  simulta- 
neously: distillation  and  imperfect  combustion;  and  the  gas  will  contain  more 
or  less  volatile  CxHy.    In  the  analyses  by  Gantt,^  Table  134,  the  anthracite  used 
contained  5  per  cent.  V.H-C,  and  10  per  cent,  ash;  the  bituminous  coal,  55  per 
cent.  F.C.  and  32  V.H-C.    It  is  presupposed  that  none  of  the  V.H-C  has  been 
allowed  to  be  condensed.    If  the  gas  cools,  as  is  always  the  case  when  producer 
and  furnace  are  separate,  some  of  the  CxHy  of  the  bituminous-coal  gas  wili  be 
condensed  and  the  gas  will  lose  considerable  part  of  its  heat  value.     In  fact,  the 
two  gases  when  cooled  down  will  show  approximately  the  same  composition. 

Table  134. — Producer  Gas  from  Anthracite  and  Bituminous  Coal  (No  Steam  Used), 

Per  Cent.  Vol. 


Item 


CO 


Anthracite 

Bituminous  coal 


27.79 
23.67 


V.  H-C 

11 

CO, 

372 
4.01 

N 

• 

1-37 
11.88 

67.14 
60.44 

Making  producer  gas  is  an  exothermic  process:  C+0  =  CO+29,160  cal.  In 
its  formation  30  per  cent,  of  the  heat  developed  in  perfect  combustion  (C+Oi= 
C02+97,2oo  cal.)  is  obtained.  If  the  gas  is  cooled  down,  it  loses  these  30  per 
cent,  and  can  develop  only  the  remaining  70  per  cent.,  or  68,040  cal.,  when 
burned  to  CO2.  The  gas  will  be  cooled  down  to  some  extent  if  producer  and 
furnace  are  separate.  There  will  be  no  loss  of  heat,  except  through  losses  by 
radiation,  etc.,  from  the  producer,  if  this  is  placed  close  to  the  furnace  and  the 
gas  can  enter  ^\ith  its  initial  heat.  As  it  is  in  many  cases  more  economical  to 
have  the  producers  separate  from  the  furnaces  in  which  the  gases  are  to  be 
burned,  part  of  the  sensible  heat  of  C  burning  to  CO  has  been  utilized  by 
introducing  H2O  vapor  or  CO2  into  the  producer. 

Water  vapor^  at  100°  C.  acting  upon  incandescent  C  is  decomposed  into 
H2  and  CO  or  CO2  according  to  the  temperature  of  the  C.  The  endothermic 
reaction  taking  place:    at  and  above  1,200°  C.  is  exclusively:  T.  H20+C  = 


*  Cass,  Mag.t  1895-96,  ix,  49. 

*  Voigt,  Metallurgies  1908,  v,  i^i,  399. 
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Hj+CO— a8.374  cal.;  between  500°  and  i,zoo°  C.  is  mainly:  II.  zHiO+C— J 
aHj+COi— 16,868  cal.  Gas  formed  accordiiiK  to  equation  I  has  ihe  conipo>J 
sition  COso,  H  50  per  cent,  vol.,  and  according  to  equation  II  COj  33.^,  H  66.)fl 
per  cent,  vol.    In  producer  gas,  there  will  be  found  both  CO  and  COj. 

The  difference  between  the  two  thermal  values  shows  that  the  reaction  of 
equation  II  is  less  endothermic  than  that  of  equation  I,  while  the  htat  value  of 
the  resulting  gas  from  equation  I  is  slightly  higher  than  that  from  equation  II: 
128,100  vj.  116,130  cal. 


Table  135. — Producer  Gas  f 


's  Co*L  (Steam  Used),    , 


Item 

CO 

V.H-C 

H 

■CO, 

"] 

30- '4 

1.49 
11.60 

9.68 
8.60 

Sjo 

S4  57 
49.  SO 

The  volumes  of  COj  in  both  gases  are  high;  they  should  not  exceed  4  per 
cent.;  the  lowest  is  2  percent.,  the  highest  8  per  cent.  Beside  the  above  constit- 
uents producer  gas  made  from  coal  always  contains  some  S. 

In  large  producers  the  sensible  heat  of  the  gases  and  the  loss  by  radiation 
and  conduction  amounts  to  perhaps  10  per  cent,  of  the  calorific  power  of  the 
fuel,  leaving  20  per  cent,  available  for  the  decomposing  effect  of  steam.'  In 
small  producers  the  loss  is  often  so  high  as  to  forbid  the  use  of  steam."  While 
the  greatest  amount  of  steam  permissible  for  gasifying  C  can  be  calculated,  the 
proportion  usually  admitted  is  governed  by  the  temperature  of  the  producer 
which  may  not  fall  below  the  point  at  which  C  will  burn  largely  to  COj  instead 
of  to  CO,    The  usual  proportions  are  10  vol.  steam  to  90  vol.  air. 

Gautier*  found  that  an  excess  of  HiO  vajwr  acting  upon  CO  at  1,200  to 
1,350"  C.  gave  3CO+3HsO  =  CO+HjO+zHi-l-zCOi  until  the  volume  of  H  was 
double  that  of  CO,  and  that  tlie  reaction  then  was  reversed;  3COj-f-3Hi  =  CO 
+HsO+2H)+2COj,  until  the  volume  of  CO  was  again  one-half  that  of  H.  A 
further  advantage  of  steam,  beside  recovering  some  of  the  sensible  heat  of  the  C 
burning  to  CO  and  enriching  the  gas,  is  that  it  counteracts  to  some  extent  the 
dinkering  uf  ashes,  disintegrates  clinkers  that  have  been  formed,  and  keeps 
the  grates  cool. 

COi  acting  upon  incandescent  C  is  reduced  to  CO,  viz:  C0j+C  =  7C0  — 
38,800  caL  As  pure  COi  is  not  used  on  a  large  scale,  but  part  of  the  products  of 
combustion  o(  a  furnace  which  contain  at  least  79  vol.  N,  the  gas  obtained  will 
be  correspondingly  diluted.     Supposing  air  to  consist  of  i  mol.  0-1-4  "lol-  N, 

*  Coit.  Mat;  1895-96,  Di,  49. 

■Ennis,  Tr.  Am.  Imt.  Chim.  Eng.,  1909.  n,  p.  115. 

*  Bone- Wheeler,  /.  /.  and  Si.  I.,  1907,  I,  196. 

'Compl.   Ttnd.,  igofi,  cxLii,  1381;  1910,  ct.,  1564;  MttaUurtu,  1911,  viit.  79;  Wei.CA*p». 
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which  is  approximately  true,  then  the  formation  of  producer  gas  can  be  expresttd 
by  C+[i/2(0)2+2N2]  =  CO+2N2.  This  burnt  in  air  gives:  CO+2N1+ 
[i/2(02)+2N2]  =  C02+4N2.  The  product  of  perfect  combustion  conducted 
through  incandescent  C  gives:  C02+4N2+C  =  2CO+4N2,  a  gas  of  the  sane 
composition  as  the  original  producer  gas.  Thus  only  the  heat  brought  to  the 
producer  by  the  products  of  combustion  would  represent  a  saving  over  the  use 
of  cold  atmospheric  air,  and  this  heat  can  be  better  utilized  by  superheating  the 
air.  CO2  is  therefore  little  used  in  making  producer  gas,^  whereas  there  is  hardly 
a  large  producer  run  at  present  without  the  admixture  of  steam,  at  least  when  the 
resulting  gas  is  conducted  through  pipes  to  the  distant  furnace  where  it  is  to 
be  burned. 

Producer  gas  is  made  from  all  sorts  of  fuels,  but  some  are  better  suited  than 
others.  Wood,  peat,^  and  brown  coal'  are  sometimes  used,  but,  being  very  rid 
in  H2O,  require  special  apparatus  for  condensing  the  water  vapor.  They  retain 
their  form  while  they  are  being  gasified,  shrinking  slowly  until  they  finally 
crumble  to  ashes.  Bituminous  coal  is  the  leading  fuel.  Splint  coal,  whidi 
falls  to  pieces,  and  coking  coal,  which  fuses,  swells,  and  cakes,  are  not  de^rable, 
as  they  both  obstruct  the  passages  of  the  gas.  Gas.  steam,  and  furnace  coals, 
which  cake  only  slightly  and  are  rich  in  volatile  matter,  form  the  most  desirable 
fuel.  Nut  coal  is  the  most  suitable,  but  run  of  mine,  slack,  or  a  mixture  of  the 
last  two  is  generally  used.  The  coal  ought  to  nm  low  in  ash  and  water.  Water 
vapor,  if  present  in  abundance  in  the  gases,  banning  at  600®  C.,*  will  have  a 
decomposing  effect  upon  CO,  viz.,  H20+CO  =  2H+C02.  One  ton  Pittsburgh 
coal  gives  about  150,000  cu.  ft.  of  producer  gas.  Anthracite,  semi-anthradte, 
and  brown  coal  have  a  tendency  to  decrepitate  in  the  producer  and  thus  choke  the 
draught.  The  most  suitable  anthracite  is  No.  i  buckwheat  (over  3/16  to  3/8 
and  under  3/8  to  5/8  in.  holes) ;  it  ought  to  run  low  in  ash,  which  must  be  difficult 
to  fuse,  and  high  in  volatile  matter.  Anthracite  in  the  form  of  culm  or  poorly 
prepared  buckwheat  is  not  suitable.    One  gross  ton  buckwheat  anthracite  gives 

>  Hcad-Pouff,  /.  /.  and  St.  /.,  1889, 11,  256. 
Ackcrman,  op,  cit.f  1890,  i,  24. 

Schocffcl,  Oest.  Zl.  Berg.  IlUUenw.,  1891,  xxxix,  212,  225. 
Ilcmpcl,  Verh.  Vcr,  Bef.  Gewerhcfl.^  1891,  Lxx,  77. 
Schmidhammcr,  StaJil  u.  Eisen^  1907,  xxvii,  558. 

*  Frank,  Eleclrochcm.  Met.  Ind.y  1907,  v,  405. 

Ilaancl,  Re  port  ^  Utilization  of  Peat  in  Gas  Producer,  Ottawa,  191 2. 
Bartcl,  F.,  ^'Torikraft^*  Springer ,  Berlin^  1913- 

*  Anon.,  Thonind.Z.f  1907,  xxxi,  1560,  1586. 

H.  L.,  Braunkohle,  191 1,  rx,  837,  855,  869;  x,  97,  113,  129. 

Randall,  D.  T.,  and  Kreisinger,  N.,  Bull.  2,  Bureau  Mines,  Washington,  1910. 

*  See  Gauticr,  p.  297. 

Blass,  Stahl  u.  Eisen^  1886,  vi,  4. 

WiirtcnbcrRcr,  op.  cit.^  1903,  xxiii,  447. 

Xaumann-Pixtor,  Ber.  deutsch.  Chem.  Ges..  1885,  x\'iii,  pp.  1647,  2724,  2894. 

Haber,  Zt.  Electrochemic.^  1904,  x,  861 

JUptncr,  op.  cit.y  862. 

Boudouard,  Ann.  Chim.  Phys.j  1901,  xxiv,  53. 

Goetz,  Tr.  A.  I.  M,  £.,  1889-90,  xvm,  612. 


about  170,000  cu.  II.  gas.     Charcoal  and  coke  are  not  used  in  producers,  being 
too  expensive.     They  are,  however,  a  very  desirable  fuel,  and  the  gas  being 
practically  free  from  volatile  matter,  can  be  better  piped  than  that  made  from  I 
natural  fuels.  1 

143.  Gas  Producers,' — It  is  difficult,  if  not  impossible,  to  find  a  classification 
that  will  include  all  the  forms  of  producers  that  have  been  constructed.  In  all 
producers  with  one  exception,  distillation  and  gasification  take  place  in  a  single 
chamber;  in  the  Grobe-Liirmann,*  Bulmahn,'  and  Westinghouae'  producers 
the  two  processes  take  place  in  separate  chambers  or  stages.  Of  the  producers 
of  the  first  class  some  are  worked  by  natural  draught,  others*  by  forced  or 
induced  draught  (suction  gas  producers),  with  or 
without  steam;  some  have  a  horizontal  or  inclined 
grate,  others  have  a  solid  bottom,  which  in  some 
cases  is  stationary,  in  others  movable,  many 
modern  producers  have  mechanical  stirrers,  some 
producers  have  a  water  seal,  others  are  worked 
dry,  etc.  The  producer  may  be  placed  close  to  or 
form  part  of  the  furnace  which  it  supplies  with  gas, 
or  a  number  of  producers  may  be  grouped  togethtr 
and  the  gas  conducted  through  one  or  more  mains 
to  the  different  furnaces  of  a  plant. 

In  all  single-chamber  producers  three  zones 
(Fig.  183)  can  be  distinguished:  the  ash  zone  at 
the  bottom,  followed  by  the  combustion,  and  the 
distillation  zone.  The  function  of  the  ash  zone  is 
to  heat  air  and  steam.  As  the  ashes  are  generally 
(excepting  in  the  Kitson  producer)  not  cleaned  out  continuously,  they  accumu- 
late. This  has  to  be  kept  in  mind  in  regulating  the  depth  of  the  fuel  bed. 
The  combustion  zone  occupies  the  greatest  depth  of  the  charge;  the  dtstilatioa 
zone  comprises  only  the  upper  part  of  the  fire.  ■ 

Air,  warmed  by  passing  through  the  ash  zone,  meets  upon  entering  the  com-  ] 
busUon  zone  coke  at  a  relatively  low  temf>erature  and  converts  the  C  mainly 
into  CO,,  viz.,  C+Oi+4N,  =  CO,-|-4Nj-|-97,aoo  cal.  The  COt  formed,  rising 
in  the  furnace,  passes  through  the  coke  at  a  relatively  high  temperature  and  is 
reduced  more  or  less  to  CO,  viz.,  CO,+4N!+CEif3CO+4N,-38,88o  cal.  The 
reaction  is  reversible,  as  COi  conducted  through  a  carbon  tube  at  about  700°  C. 

'  Rowan,  Proc.  (Eaf.)  Iml.  Clt.  Eng.,  1886,  utxxvi,  pp.  1  to  1 15. 
'  Ledcbur,  "  GasfeuerungcD,"  Felix,  Leipsic,  iSgi,  p.  60. 

PJAcher,  "Chrmisctic  Technologic  dcT  BrennstoSe,"  Vieweg,  Brunswick,  1901,  11,  p.  195; 
'  Uel.  Chem.  Eng.,  1910,  vin,  159. 
<  Iran  Age,  1909,  Lxxxiii,  1916. 
*Mathat,  R.  E.,  "Gas  Engines  and  Gas  Producer  Plants,"  Henley,  New  Vork,  1905, 

Robson,  P.  W.,  "Power  Gas  Producers,"  Arnold,  London.  1908. 

Latta,  N.,  "American  Gas  Producer  Practice,"  Van  Noslrand,  New  York,  1910. 

Feruld,  R.  H.,  "The  Status  of  the  Gas   Producer  and   of  the  Internal  Combustion 
Engiiic,"  Bureau  Mines,  Ttcknkai  Paper  No.  g,  Washington,  1911. 
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b  partly  reduced  to  CX),  and  2CO  treated  in  the  same  way  is  ^lit  in  part  into  CQi 
and  C.  The  fact  that  the  equation  read  from  left  to  right  is  endothermic  proves 
that  a  high  temperature  is  necessary  to  overcome  the  heat  absorbed  by  the 
reaction;  the  researches  of  Ernst  (Fig.  182)  have  shown  that  a  high  tempentoie 
b  necessary  for  C  to  bum  completely  to  CO;  Naumann-Pistor^  conducting  COi 
over  charcoal  obtained  12.6, 58.3, 92.2  vol.  CO  at  550, 900, 1,000®  C.  The  reduc- 
tion of  COs,  however,  is  never  complete  because  an  eqtiDibrium  b  set  up 
b^rtween  COs  and  CO.  Boudouard^  found  that  the  reduction  stepped  at  650* 
C  when  the  gas  mixture  had  been  changed  to  61  per  cent.  COs+39  percent 


100  600 


900         1000        1100 


Temperature   C 
I''li].  184. — Equilibrium  curve  for  CO2  and  CO  with  C  at  different  temperatures. 

( '( ),  lit  800°  C.  with  7  per  cent.  CO2+93  per  cent.  CO,  at  950**  C.  with  4  per 
H'lit.  VOt  and  96  per  cent.  CO.  His  equilibrium  curve'  for  varying  prqwr- 
lloitti  of  COj  and  CO  with  C  at  different  temperatures  is  given  in  Fig.  184. 

'I'he*  Hi)eed  of  reaction,  which  is  greater  at  800  than  at  650**  C,  is  further  in- 
IliiriM  (m|  by  the  porosity  of  the  C  or  its  fine  state  of  division.  Boudouards 
MtbiilU,  plotted  in  Fig.  184a,  show  that  both  at  650  and  800**  C.  deposited  C  does 
iimI  Hi  {  {iH  energetically  as  charcoal;  that  at  800°  C,  gas-house  coke  k  less  active 
Ititiii  liliiKt-fumace  coke,  and  that  the  latter  has  less  reducing  power  than  de- 
pimili'd  ('  or  charcoal.  The  reversible  reaction  above  read  from  left  to  right 
bliifWt)  I  hut  I  vol.  CO2  forms  2  vol.  CO;  therefore  if  the  pressure  in  the  producer 
Ih  liiKl«»  l**»*>*  ^  'O  will  be  formed  than  if  it  is  low;  or,  forcing  the  producer  weakens 
I  Im'  |/»jb.     The  height  of  the  fuel  bed/  finally,  may  not  go  below  a  certain  mini- 

'  lief.  Jeutsch,  Chem.  Ges.,  1885,  xviii,  1647. 

•  Ahh.  I  him.  ft  phys.,  1901,  xxiv,  28. 

•  i^t:i.  ttUi  Wlu*ei«r,  Kng.  Min.  7.,  191 2,  xciv,  65. 

i  liiiiiriii,  hull.  30,  University  of  111.;  Stahl  u.  Eisen,  1909,  XXDC,  1324. 

•  fcDiiiiig,  Stahl  u.  Eisen,  1907,  xxviii,  685,  800. 
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onnn  if  COt  is  to  be  satisfactorily  reduced  to  CO,  and  uoconsumed  air,  steam, 
or  both  prevented  from  entering  the  gas  chamber.  It  varies  with  the  fuel, 
mud  is  the  greater  the  l^hter  the 
fnd;  thus  wood  will  have  10  ft.,  peat 
8±  ft.,  Ignite  and  bituminous  coal 
3  i/i  to  4  1/3  ft.  (sometimes,  how- 
ever, 6  ft.),  anthracite  2  1/3  to  3  ft.  g 
If  with  bituminous  coal  the  fuel  bed 
octeds  a  depth  of  6  ft.,  "the  lower 
put*  13  not  thoroughly  broken  up, 
no  matter  how  thoroughly  the 
upper  part  may  be  stirred;  the  zone 
oi  combustion  becomes  honey- 
combed with  Iai|;e  cavities,  afford- 

^  "^       ,  *.  ,  ,  '^        Fig.  184a. — Influence  of  form  of  carboD  upon  the 

Steam  and  air.    This  condition  is  reduction  of  CO,. 

nwst  marked  along  the  walls,  and 

the  intense  beat  produced  on  the  interior  surfaces  of  these  coke  chimneys  causes 
dinkers  to  fuse  to  the  brickwork.  Practice  therefore  demands  that  the  thick- 
ness of  the  fire  be  limited,  that  steam  be  used  to  avoid  extremes 
of  temperatures,  and  that  the  mass  be  kept  thoroughly  broken 
by  frequent  poking." 

Upon  leaving  the  combustion  zone,  the  producer  gas  enters 
the  distillation  zone*  in  which  it  expels  the  volatile  matter  of  the 
raw  fuel  and  carries  it  along.  The  distillation  absorbs  heat  and 
reduces  the  temperature,  a  condition  favorable  for  the  formation 
of  COt.  The  composition  of  volatile  matter  will  vary  with  the 
temperature  of  distillation  just  as  is  the  case  in  charring  ({ir4) 
and  coking  (§129).  Condensation  of  tarry  matter,  when  the 
gas  cools  in  its  passage  from  the  producer  to  the  furnace,  causes 
loss  in  calorific  power,  which,  however,  is  not  high*  as  long  as  the 
suspended  CxH^  are  not  completely  removed.  These  make  the 
dame  luminous,  and  a  luminous  flame  heating  by  impact  as  well 
as  by  radiation,  is  more  powerful  than  a  clear  flame. 

Producers  in  the  United  States  are  not  often  run  exclusively  by 
natural  draft;  as  a  rule  a  steam  blower  furnishes  the  blast,  un< 
less  the  ash  is  to  be  fused  and  tapped  as  slag,*  when  fans  are 
employed.  The  Eynon-Evans  Steam  blower*  shown  in  Fig.  185 
Fic  8<  ^  *^*  injector  in  general  use.  Steam  enters  the  smallest  of  the 
four  concentric  nozzles,  draws  in  air  and  becomes  thoroughly  mixed 
'  Cwnpbell,  Tr.  A.  I.  U.  E.,  1893.  xxii,  371. 

•  Ibid.,  p.  376. 

*  Bel],  Enginemng,  ipo8,  ixxxv,  141,  171. 

•  Smith,  C.  D.,  'The  Slagging  Type  of  Gas  Producers,"  Tteknicat  Paper  No.  so.  Bureau 
lines,  Washington,  1913. 

*  Improved  Blowers  (or  Gas-producers,  Iron  Age,  March  6,  1901. 
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with  it.  The  gas  from  a.  steam-blown  producer,  a  mixture  of  sinq^  prodncti 
gas  and  water  gas,  is  sometimes  called  Dowson  Gas.  The  gas  leaves  the  pro- 
ducer at  a  temperature  of  300  to  1,000;  average  700°  C. 

144.  Examples  of  Gas  Producen.'  (i)  The  Sieuens  Psoducer  (Tf 
186). — This  was  the  first  commercially  successful  gas  producer.  It  is  aicftin- 
gular  fire-brick  chamber  with  one  side  inclined  at  an  angle  of  45  to  60°  ud 
provided  at  its  foot  with  a  step  grate  ending  in  the  inclined  grate  B.  A'rs^ 
chargingbole;£arepokingandpcepholes;  the  gas  passes  off  at  C,  its  flow  bong 
regulated  by  dampers;  four  producers  form  a  block;  the  gases  from  the  fow 
vertical  flues  C  mate  in  the  miii 
Sue  D.  The  area  of  each  ■^ 
ducer  is  at  the  grate  6X3  ft,  ud 
at  the  top  9X  7  ft. ;  the  produm 
holds  10  to  13  tons  coal  aodgia- 
fies  180  lb.  per  far.  or  10  lb.  peiht. 
per  sq.  ft  of  grate  area.  It  is 
worked  with  natural  draft  willi- 
out  the  use  of  steam;  the  gas  is 
essentially  a  hot  gas,  which  coob 
considerably  in  the  main  bdon 
it  reaches  the  furnace  where  it  is 
The  original  Siemens  fumact 


FlO.  186, — Siemens  gas  prodi 


to  be  burned.  The  efficiency  is  therefore  low. 
has  become  obsolete.  Where  used  to-day,  it  b  worked  with  a  closed  ash  pit  and 
a  steam  injector,  SwindelP  has  modified  the  Siemens  producer  by  dosing  the  ash 
pit,  introducing  a  steam  injector,  and  providing  it  with  a  water  seal  and  1 
shaking  grate. 

(j)  The  Philadelphia  Engineering  Works,  or  Weixman  Produces 
{Rg.  183).' — This  is  a  circular,  wrought-iron  shell,  14  ft.  high  and  9  ft.  diam., 
lined  with  fire-brick  and  red  brick.  The  producer  has  a  bosh,  7  ft.  6  in.  diam., 
narrowing  to  5  ft.  at  the  top,  to  prevent  air  from  cre^ing  up  at  the  walls.  The 
charge  rests  on  wrought-iron  grate  bars;  the  grate  is  6  ft.  9  in.  X6  ft.  i  in.  The 
front  is  closed  by  two  pairs  of  doors,  one  above  the  other.  When  drawing  ades, 
a  false  grate  is  put  in  above  the  bearing  bars  by  pushing  bars  through  the  fire 
above  the  ashes;  they  support  the  charge  while  the  lower  bars  are  bdng  drawn 
and  the  ashes  and  clinkers  dropped  into  the  dosed  ash  pit.  While  deaning,  the 
damper  in  the  gas-outlet  pipe  is  dosed  to  prevent  gas  from  backing  down 
through  the  fire  onto  the  workmen.  The  coal  is  charged  at  the  center  through 
bell  and  hopper;  a  steam  blower  below  the  grate  furnishes  blast  and  steam;  the 
gas  is  drawn  oS  at  the  side.  The  capacity  is  430  lb.  coal  per  far.,  or  10  lb. 
per  hr.  per  sq.  ft.  grate  area. 

'  Wolft,  Slahl  u.  Risen  1905,  xxv,  38;. 

KUrlinK,  op.  cil.,  xgoj,  xxvti,  6&s  and  books  quoted  on  pp.  389  and  193. 
'Can.  Mat;  1893-56,  a,  s'- 
•  CampUlt,  Tr.  A.  I.  M.  E..  1893.  xxii,  37a. 
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(3)  The  Dupf  Water-seal  Producer  (Fig.  187).' — ^This  is  a  cylindrical  gas 
producer  with  water-seal.  It  has  a  gabel-shaped  central  grate  and  an  under- 
grate  steam  blast.  The  outer  shell,  of  3/16-in.  steel,  has  a  diameter  of  10  ft.  6  in. 
and  a  height  of  11  ft.;  it  is  lined  with  red  brick  and  fire-brick  so  as  to  give  a 
square  shaft  7X7  ft.  The  water-seal  pan,  15  ft.  4  in.  long  X7  ft.  wide  X2  ft. 
3  in.  deep,  is  of  1/4-in.  steel.  The  gas-outlet  pipe  (36  in.  outer  diam.)  is  lined 
with  brick  (27  in.  inner  diam.).  The  top  has  a  bell  and  hopper  feed  and  the 
usual  poking  holes.  The  capacity  claimed  is  11 20  lb.  Pittsbiirgh  coal  per  hr.  or 
23  lb.  per  hr.  per  sq.  ft.  grate  area.  The  advantage  of  a  water-seal  is  that  the 
ashes,  cold  when  taken  out,  have  returned  their  heat  to  the  producer  in  the 
form  of  steam  and  thus  caused  a  saving  of  a  corresponding  amount  of  live  steam. 
The  pan  will  always  remain  more  or  less  filled  with  water  and  ashes.  The  ashes 
wiB  reach  into  the  producer  for  from  i  to  2  ft.  above  the  water-line;  they  are 
removed  periodically  without  interfering  with  the  work  of  the  producer. 


Fig.  187. — Duff  water-seal  gas  producer. 


Fig.  188. — Swindell  water-seal  steam-blast 

gas  producer. 


(4)  The  Swindell  Water-seal  Steam-blast  Producer  (Fig.  188). ^ — This 
is  a  circular  producer  with  bosh  of  45°  and  bosh-line  at  one-third  the  height;  the 
continuation  of  the  bosh  walls  is  formed  by  two  sloping  grates;  C  is  the  cleaiiing 
door  at  the  base  of  the  grate.  The  steam-injector  pipes,  5,  extending  the  entire 
length  of  the  grate,  have  rows  of  openings  blowing  toward  the  center;  the  water- 
seal  pan  has  the  width  of  the  gi^ate  and  a  length  equal  to  that  of  the  diameter 
of  the  furnace;  the  gas-outlet  pipe.  By  is  situated  at  the  highest  point  and  has  a 
cleaning  door;  it  can  be  shut  off  from  the  gas  main  by  a  sand-damper  plate. 
In  the  roof  there  are  two  coal  hoppers,  six  ball  poke-holes  and  in  the  plates  of 

*  Cass,  Mag,f  1902,  xxn,  504;  Field  Mag.,  1901,  v,  550;  Siahl  u.  Eisen,  1903,  xxin,  1191; 
Foundry,  1906,  xxvni,  17. 

*Iran  Age,  May  19,  1898,  Jan.  29,  1903;  1905,  lxxv,  647;  1906,  uocvii,  953. 
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each  hopper  six  additional  ball  poke-holes,  so  that  every  part  of  the  coal  surface 
cao  be  reached.  A  producer  12  ft.  diam.,  and  12  ft.  high,  gasifies  1,500  lb.  coal 
in  24  hr. 

(5)  The  Suytbe  Continuous  and  Self-cleaning  Gas  Psoduceb  (Fig. 
1S9).' — This  is  a  circular  producer  with  water-seal  bottom,  large  inclined  grate, 
steam  blast,  poking  and  cleaning  holes  above  the  water  level,  and  a  bell  and 
hopper  feed.    The  capacity  is  900  lb.  coal  per  hr. 


s  rep- 


Fic.   189. 


(6)  The  Morgan  Gas  Producer  with  Bildt  Automatic  Feeder" 
resented  in  Fig.  190,  A  is  the  receiving  hopper  for  coal,  B  the  valve  fc 
trolling  the  admission  of  coal  into  receiver  C,  D  revolving  distributing  disc 
rotated  by  bevel  gears  E  and  ratchet  F  operated  by  shaft  G,  //  walcr-seal,  / 
cast-iron  mantle  for  supi>ort  of  producer,  /  steam-blowcr.  A'  blast-j>ipe,  L  conical 
cap,  M  poking  holes,  A  lo-ft.  producer  gasiiies*  under  usual  conditions  625  lb. 
coal  per  hour  or  12.7  lb.  per  hour  per  sq.  ft.  grate;  with  forced  draft,  its  ca- 
pacity is  increased  to  800  Ih.    The  automatic  feeder  by  its  uniform  charging  and 


'Con.  Mag.,  1895-96,  IX,  53;  £bj.  Min.  J.,  1 
XLLi,  7(13. 

'Iron  Age,  April  30,  iSgO;  Tr.  A.  I.  if.  £„  189 
at  Lackawanna  Steel  Co.,  Iron  Age,  Dec.  29,  1904. 

'  Williams,  Iran  Age,  1905,  lxxvi,  1532. 
Quasebart,  Melalliirgie,  1908,  v,  234,  »5i. 


906,  Lxxxn,  835;  Iron  Trade  Ki--.',,  n 
;,  xxvill,  166;  George  Feeding  Apjiara 
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even  distributicHi  of  coal  insures  greater  uniformity  in  quality  and  quantity  of 
gaa  than  is  usual  with  hand-feeding. 

In  the  Hughes  mechanical  gas  producer,>  made  by  the  same  firm,  the  shaft 
turns  slowly  on  its  axis,  while  avertical  water-cooled  cast-steel  stirrer  is  made  to 
move  to  and  fro.  The  producer  11  ft.  6  in.  diam.  at  top,  7  ft.  at  bottom  of 
cone,  and  12  ft.  high,  with  four  poking  holes  to  break  off  clinkers  from  the  sides, 
makes  6  r.p.m.,  requires  3  h.p.,  gasifies  34  tons  of  coal  in  34hr.;  one  man  tends 
three  furnaces. 


Fig.  19a. — Moigan  gas  producer  with  Bildt 


(7)  The  Tayior  Gas  Producer. — The  characteristics  of  this  producer  are: 
a  circular  solid  bottom  which,  on  being  revolved,  breaks  up  any  clinkers  and 
discharges  them  with  the  ashes  into  the  closed  ash  pit)  a  deep  bed  of  ashes;  a 
central  steam-injector  blast  carried  through  the  ashes  to  the  fuel.  The  two 
leading  types  marked  A  and  B  are  shown  in  Figs,  iqi  and  192;  both  have  a 
bosh.  Type  A,  Fig.  191,  an  iron  shell  lined  with  fire-brick,  is  suited 
for  anthracite  and  bituminous  coal  of  which  the  ashes  do  not  clinker 
readily.  In  type  B,  Fig.  rgs,  the  lower  part  of  the  shaft  is  a  water 
jacket,  the  upper  an  iron  shell  lined  with  fire-brick;  this  makes  the 
producer  suited  for  coals  the  ashes  of  which  clinker  readily,  as  the 
clinkers  will  not  adhere  as  easily  to  the  jacket  as  to  the  brick  wall.  With 
I  Ent.  liin.  J.,  1906,  ixxKti,  1061. 
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both  types,  the  part  beneath  the  bottom  plate  is  often  hopper  shaped  (Fig.  iflj) 
i  the  ashes  to  be  dropped  at  intervals  into  an  ash  car.  The  shaft  is 
slightly  contracted  toward  the  top.  The  bottom  of  the  bosh  has  a  sinalln 
diameter  than  the  revolving  bottom  and  does  not  extend  down  to  it;  the  ^ace 
between  the  two  is  filled  with  ashes,  which,  with  an  angle  of  repose  of  about  5;', 
glide  over  the  edge  of  the  bottom,  when  this  is  revolved.  In  order  to  grind  up 
the  ashes,  four  sets  of  agitating  bars  or  scrapers  are  arranged  above  the  labk. 
In  case  the  ashes  should  be  discharged  faster  on  one  side  than  the  other,  witi  tic 
result  that  the  coal  would  sink  more  quickly  on  the  discharging  side,  the  bars  cm 
be  withdrawn,  which  will  retard  the  discharge.  The  ash  bed,  which  is  put  ot 
the  bottom  before  firing  up,  is  about  31/3  ft-  deep  and  is  kept  about  6  in,  aWc 


Type  A, 


the  cap  of  the  central  pipe.  The  bottom  is  revolved  as  soon  as  this  height  is 
exceeded,  i.e.,  every  6  to  24  hr.  according  to  the  rate  of  working.  Ashes  are 
taken  out  once  in  24  hr.  The  blast  is  furnished  by  a  steam  jet.  In  the  side 
walls  are  4  rows  of  peep  holes  to  watch  the  process  and  the  position  of  the 
top  of  the  ash  bed.  The  producer  is  made  in  seven  sizes,  Nos.  2  to  8;  No.  2  is 
2  ft.  diam.,  10  ft.  high,  and  has  a  grate  area  of  3.1  sq.  ft.;  No.  8  is  8  ft.  diam., 
IS  ft.  high,  with  a  grate  area  of  50.3  sq.  ft.;  No.  8  will  gasify  600  lb.  anthracite 
coal  (pea)  per  hour  or  12  lb.  per  square  foot  of  grate.  745  lb.  West  Virginia 
or  Pennsylvania  bituminous  coal  per  hour  or  12  lb.  per  hour  per  square  foot 
of  grate,  With  bituminous  coal,  the  fuel  bed  has  to  be  deeper  than  with 
anthracite. 


FUEL 

"•_r.       ^^M 

(8)  The  Fraser-Talbot  Producer.' — This  producer,  Fig.  194,  consists  of  a 
cylindrical  sheet  of  boiler  iron  riveted  to  four  I-beam  columns  C  and  lined  with 
brickwork  as  shown.  To  the  bottom  of  the  shell  is  attached  an  inverted  trun- 
cated eone  of  cast-iron  D  holding  the  ashes;  its  lower  end  is  scaled  by  water  held  ■ 
in  the  concrete  ash  pan  E.  The  blast  pipe  in  the  center  of  the  ash  pan  is  of  cast-  | 
iron.  Its  cone-shaped  roof  holds  the  bearing  for  the  water-cooled  vertical 
shafl,  cirrj'ing  two  water-cooled  stirring  arms  /.     The  shaft  H  has  a  slow  rotat-   ! 


fw.  193. — Ash-hopper  of  Taylor  gas  produc 


ing  and  a  vertical  motion,  both  of  which  are  obtained  by  gearing  carried  on  a  ] 
steel  platform  riveted  to  the  tops  of  the  I-beam  columns  C.     The  drawing  shows   1 
two  coal  hoppers  closed  by  cones,     A  lo-ft,  producer  gasifies  750  lb.  coal  per 
hour  or  16.3  lb.  per  hr.  per  sq,  ft.  grate  and  requires  an  engine  of  3  to  4  h.p.        I 
{9)  The  Kitson  Gas  Producer  (Fig.  195).'— It  consists  of  a  circular,  brick-  1 
lined  iron  shell,  with  inclined,  continuously  revolving  iron  bottom  (8)  to  agitate 
the  coal  and  discharge  the  ashes  into  a  water. box,  and  a  continuous  feed,  which 
delivers  the  coal  below  the  normal  fuel  line  (35).    The  inside  dimensions  of  a 
7-tt.  producer  are:  diam.  at  bottom,  7  ft.;  at  top  4  ft,;  height,  12  ft.    The  ii 

'  Itvn  Agt.  Feb.  14,  iQoi)  Stakl  u.  Eistn,  190S,  j 

*  Iron  Alt,  March  14,  i8i)s;  April  30,  i8<)6,  ill,;  Sept.  30,  1897,  results;  improved  form: 
I  Ent.  Atin.  J.,  iSgS,  lxv,  254. 
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shell  rests  on  eight  cast-iroD  (3)  columns,  3  ft.  high,  wbidi  are  bolted  to  a  drculu 
base  plate  (a)  supported  by  six  lo-in.  I-beams  (14),  resting  with  their  ends  on 
two  iS-in.  foundation  walls  (i).  The  inclined  (18")  hearth  (8)  carrying  the  hd 
bed  is  cast  in  one  piece  with  the  central  ht^ow  shaft  (i  3),  and  is  carried  by  a  tr 
of  steel  balls  rolling  in  a  groove  upon  the  base  plate.  The  shaft,  carrying  1 
horizontal  worm  wheel  (9),  is  driven  by  an  endless  screw  (11).  The  hearth, 
which  is  ellqitical  and  3  ft.  higba 
at  one  end  than  the  other,  has  a 
grating  ot  perforated  plate  (8)  on  the 
brick  surface  to  facilitate  the  <& 
charge  of  the  ashes.  The  space  m 
which  the  eight  supporting  columns 
stand  is  enclosed  by  upright  cast- 
iron  ash  plates  C3))  which  are  ndi- 
atly  adjustable  to  permit  regulatiog 
the  discharge  of  the  ashes  onto  the 
baseplate,  whence  they  are  conveyed 
by  scrapers  attached  to  the  under- 
side <rf  the  hearth  to  an  <^>ening  in 
the  base  plate,  and  dropped  into  a 
water-sealed  receiver  extending  suffi- 
ciently outside  the  producer  to  per- 
mit removing  the  ashes.  The  air  and 
steam  blast  (36)  enter  the  producer 
through  the  hollow  central  shaft,  and 
are  distributed  through  a  central 
tuyfere  and  the  perforated  hearth 
plates  or  gratings.  The  coal,  which 
was  formerly  charged  from  the  tc^ 
by  a  bell  and  hqpper  feed  (60  lb. 
every  5  to  6  min.),  is  now  introduced  continuously  below  the  fuel  line  by  a  screw 
feed  (17  and  18),  connecting  by  belting  {ig  and  ao)  with  the  shaft  (ii)  of  the 
endless  screw  driving  the  worm  wheel  of  the  shaft.  The  bottom  makes  about 
one  revolution  in  40  min,  with  anthracite,  one  in  20  to  30  min.  with  bituminous 
coal.  About  2  h.p.  is  required  to  drive  the  bottom.  The  advantages  claimed 
for  the  producer  arc  that,  by  the  slow,  continuous  revolving  of  the  bottom, 
the  fuel  is  always  in  motion,  nnth  the  result  that  a  uniform  good  quality  of 
gas  is  obtained,  and  that  no  clinkers  are  made  which  require  lalxv  for  barring. 
(10)  Otiikr  Modehx  Producers. — Other  modern  producers  are  described 
in  the  literature  cited  below.* 

'  Dickmann.  C,  and  Reynolds,  A.,  "The  Basic  Open-hearth  Steel  ProcMS,"  Coiuutde, 
Londiin,  igii,  pp.  1-13(1.  Fnrtcr-Jlillcr.  Iron  Agr,  June  13,1904,  Ainiler,  o^.  c*l.,  1905, 
Lxx\-,  60.  Iii-srham[i5,  Bull.  Soc.  tnd.  Min.,  iqoj,  ir,  8E9.  Lcncauchei,  cf.  eit.,  1905,  V,  8<i, 
Bachc,  op.  cil.,  igro,  xii,  s,  185.  Burgor,  Iron  Agr,  igoj,  lxxvi,  1669.  Henick,  0^.  Ml.,  1907, 
uaux,  964.     yUllct,  op.  cil.,  i(}07,  LXX.v,  14.     Canaris,  SlaU  u.  Eitai,  1908,  XXVm,  {37. 


Fig.  195. — K.itson  gas  producer. 


(ii)  Producers  for  Wood,  Sawdust,  Peat,  eic."^ — Producers  for  light 
fuels  must  be  spacious  and  high  to  hold  a  sufficient  quantity  of  fuel  and  to  pre- 
vent unconsumcd  air  from  passing  through  them;  they  must,  further,  be  con- 
nected with  condensers  to  free  the  gases  from  the  large  amounts  of  water  vapor 
generated. 

(iz)  Management.* — A  new  producer  has  to  be  dried  and  warmed,  like 
any  other  furnace,  by  a  slow  fire.  In  starting,  a  fire  is  made,  the  gases  being 
allowed  to  pass  off  through  the  charging  opening;  fuel  is  added  gradually,  and 
the  thickness  of  the  bed  is  slowly  increased.  When  well  under  way,  the  charg- 
ing opening  is  closed  and  the  gas  main  opened.  In  order  to  insure  complete 
expulsion  of  air,  which  might  cause  explosions  to  take  place,  the  bed  is  at  first 
kept  low  so  as  to  obtain  gases  containing  COj  and  water  vapor,  which  drive  out 
the  air.  In  normal  work,  the  gas  in  the  producer  ought  always  to  be  above  at- 
mospheric pressure,  even  when  the  producer  is  worked  by  natural  draught,  so 
as  toprevent  air  from  being  sucked  in.  The  regular  operations  are  charging  coal, 
poking  it  down,  and  removing  ashes  and  clinkers.  In  order  to  ascertain  the 
rate  of  sinking  of  the  coal,  iron  rods  are  periodically  inserted  through  the  roof 
holes.  They  serve  also  to  poke  down  the  coal  in  case  spongy  hollow  spaces 
form,  and  to  break  up  any  clinkers.  The  ashes  and  clinkers  are  removed 
periodically,  the  manner  and  frequency  varying  greatly  with  the  different 
producers. 

While  the  leading  use  of  producer  gas  has  been  and  remains  to  serve  as  a 
heating  fuel,  recently  it  has  been  used  directly  for  the  production  of  energy  in  a 
gas  engine. 

145.  Efficiency  of  Gas  Producers. — The  thermal  efficiency  of  a  coal  gas 
cal.  power  of  gas  ,  ,  ,  ,  ,  ... 

producer,     , ,—     ;  X  100,  run  with  a  steam-blower,  the  gas  being  burnt 

•^  '  cal.  power  of  coal  '  >        o  a 

cold,  is  about  So  per  cent.,  i.e.,  the  loss  in  heat  by  conversion  amounts  to  30  per 
Hoftnann,  op.  cil.,  1910,  xxx,  993.  Iron  Age,  1910,  Lxxxvi,  j8i.  Kilpper,  Slahl  u.  Etiex, 
tgit,  xxn,  6j6.  Iron  Age,  igii,  LXXXVit,  1534.  Ililgcr,  Slaht  ».  Eisen,  1911,  xufi,  100. 
Forter-Trump,  iron  Age,  1909,  Lxxxiii,  646.  Uet.  Chem.  Eng.,  1910,  vni.  371.  Akcrlund, 
In>n  Age,  19(0,  ucxjcvr,  64.  Nordensson,  op.  dl.,  1911,  uocxviii.  ijio.  Klepctko,  Tr.  A.  I. 
U.  E.,  1904, XXXIV,  3g6.  G\oaAz,GlUi.k  Auf,  1909,  xiv,  r8i6;  igio.xLVi,  1495,  ijJS-  Lucke, 
Emg.  ifag.,  191),  XLii,  889.  Gradenwitz,  Eng,  ilin.  J.,  1909,  uoocviii,  1019.  Hcrrick, 
Iron  Age,  1907,  lxxix,  g6^.  Pulverized  Fuel:  Lalta,  Iran  Trade  Rn.,  1911,  XLVtii,  14.  Me- 
chanical Feeding:  Smylhe,  Iran  Age,  190S,  Lxxxn, 
948.  Chapman,  Iron  Trade  Rev.,  1912,  u,  S78. 
'  Daniels.  Tr.  A.  I.  M.  E.,  1881,  DC,  312. 

Loomis,  op.  (it.,  1890-91,  xix,  995. 

OdeUtjema,  op.  cit.,  1894.  XXtv,  J93. 

Lang.  op.  cil.,  1904,  XXXIV,  748. 

Loomis,  /.  /.  and  St.  I.,  1890,  u,  3S0. 

Douglas,  op.  cil.,  Tgoi,  I,  387. 

Davia,  Casi.  Mag.,  1909,  xxxvi,  344. 

Haanel,  Reperl  VtUizatian  of  Feat,  Otiawa,  191a. 

Snypp,  ling.  Mag.,  1911,  xliv,  9^. 
■  Fernald-Smllh-CIement'Crinc,    "Industri.iL    Problems   i 
Ko,  JM,  V.  S.  Geol.  Surv.,  Washington,  1909. 
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cent,  of  the  calorific  power  of  the  coal,  and  the  producer  delivers  the  remaining 
80  per  cent  as  available  in  the  combustible  gas. 

In  calculating  the  heat  balance  of  a  producer,  this  is  debited  with  the  heat 
values  that  go  into  it  and  credited  with  those  that  come  from  it;  the  differena 
between  the  two  is  the  heat  lost  by  radiation.  A  test  carried  on  by  Wcndt,* 
in  a  water-seal  gas  producer  run  with  a  steam-blower  forms  the  basis  of  the 
following  calculation.  In  the  test,  lasting  71  hr.,  there  were  burned  14,760  kg. 
coal  of  the  composition  C  58.14,  H  3.38,  S  0.40, 0  9.60,  N  0.70,  hygr.  HjO  10.05, 
ash  17.73.  There  were  obtained  from  100  kg.  coal  14.36  kg.  ashes  with  1.64 
kg.  C;  the  cleaned  and  dried  gas  had  the  composition  COj  5.40,  CO  27.01, 
CH4  2.93,  H  14.55,  N  50.11;  I  cbm.  clean  gas  carried  in  g.  HjO  87.0,  tar  15.35, 
dust  0.95  (with  C  13.5  per  cent.).  The  other  observed  data  are  given  in  the 
calculation,  and  the  results  are  assembled  in  the  balance-sheet. 

Before  the  heat-balance  can  be  obtained,  a  few  preliminary  calculations 
have  to  be  carried  out  to  answer  the  following  questions: 

I.  What  is  the  amount  of  gas  in  cbm.  produced  from  100  kg.  coal?  100  kg. 
contain  58.14  kg.  C,not  all  of  which  was  gasified,  as  the  ashes,  the  tar  andflu^ 
dust  retained  some  of  it.  The  ashes  retained  1.64  kg.  C.  One  cbm.  crude  gas 
contained  15.35  g.  tar  which,  averaging  80  per  cent.  C,  gives  0.01535X0.80= 
0.01028  kg.  C;  it  also  contained  0.95  g.  dust  which,  with  13.5  per  cent.  C,  gives 
0.0095X0.135  =  0.000128  kg.  C.  The  analysis  of  the  clean  and  dry  gas  shows 
per  cbm. 

C  in  CO2,  0.0540X0.54 
C  in  CO,  0.2701X0.54 
C  in  CH4,  0.0293X0.54 


0.3534X0.54  =  0.1908  kg.  C,  hence 
I  cbm.:  0.1908  kg.  C  =x  :     [58.14— 1.64— (o.oi 228+0.0001 28)x] 

X  =279.1  cbm.  clean  gas  per  100  kg.  coal. 

2.  What  is  the  amount  of  air  in  kg.  introduced  per  100  kg.  coal?  It  has 
just  been  found  that  100  kg.  coal  produced  278.1  cbm.  gas.  According  to  anal- 
ysis, it  contains  50. 1 1  per  cent,  or  1394  cbm.  N  which  weigh  1394.X  1.26  =  175.6 
kg.  Deducting  the  0.7  kg.  N  of  the  coal,  leaves  174.9  ^Z-  ^oni  the  blast 
Assuming  the  air  to  contain  77.2  per  cent.  N  by  weight,  the  desired  answer  is 
174.9  :  0.772  =  226.5  kg.  air. 

3.  What  is  the  amount  of  steam  in  kg.  introduced  per  100  kg.  coal?  Tests 
made  showed  that  the  steam-injected  air  contained  140  g.  HjO  per  cbm.  dry 
air.  As  no  data  are  given  for  the  moisture  and  temperatiwe  of  the  air  before 
coming  in  contact  with  steam,  let  it  first  be  assimied  that  the  air  was  dry  and 

at  10°  C.    The  vol.  of  ^6.5  kg.  dry  air  at  10°  C.=^^7^^x'-^^±^= 

>  "MilthcilunKi'n  Ul)cr  Forschungsarbeitcn  aus  dem  Gebiete  des  Ingenieurwesens,"  1906, 
Heft  I,  p.  57;  iihstr.  Stahl  u.  Kisen,  1906,  xxvi,  1184;  transl.  of  abstract  with  valueschanced 
into  B.l.u.  nn<l  drg.  I'.,  Iron  Arc,  1906,  Lxxviii,  1539; 
Ennis,  7V.  Am.  Inst,  Ckcm.  Eng.,  1909,  u,  115. 
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— ^X— ^ =  181.6  cbm.;  and  at  10°  C:  the  weight  of  the  steam=i8i.6X 

1.293        273  ' 

0.140=25.4  kg.  Assuming  secondly  that  the  air  was  not  dry,  but  contained 
0.007  kg.  H2O  per  cbm.,  or  1.3  kg.,  then  the  amount  of  steam  introduced  was 
25.4-1.3  =  24.1  kg.     The  second  figure  is  the  one  that  will  be  adopted. 

4.  What  is  the  amount  of  H2O  in  kg.  dissociated  per  100  kg.  coal?  The 
analysis  of  dean  and  dry  gas  shows  per  cbm. : 

Free  H,  0.1455X0.09 

^^^        2X0.020^X0.00  «  ,    , 

H  as  CH4, ^ ^=0.018369  kg.  H 

'         0.2041X0.09  o  y    o 

H  in  tar  0.065  X o.oi  53 5  =  0.000998  kg  H.  (see  composition  in  part  VIII) 
Total  H  in  gas    (from  100  kg.)  0.019367  X  278.1  =  5.3860  kg. 

Deducting  from  this  the  H  in  the  coal,  3.38  kg.,leaves  2.0060  kg.  H  which  has 
been  supplied  by  dissociating  water.  Then  2.006X9  =  18.054  kg.  of  water 
decomposed. 

The  items  in  the  accompanying  balance  sheet  were  obtained  as  follows: 

I.  Heat  from  the  Calorific  Power  of  the  Fuel. — The  calorific  power  of 
the  raw  coal  was  determined  calorimetrically  as  5,598  Cal.;  this  gives  100X5,598 
=  559>8oo  Cal.  for  100  kg.  coal. 

II.  Heat  from  Air-blast. — The  temperature  of  the  atmosphere  was  10°  C. 
and  that  of  the  air-blast  was  raised  to  73°  C.  by  the  steam-injector.  This 
increase  will  be  taken  up  under  the  next  head;  here  only  the  sensible  heat  of  the 
air  at  10°  C.  will  be  taken  into  account.  It  is  the  product  of  weight  X  spec, 
heat  X  temp.  =226.5X0.2345X10  =  531.1  Cal. 

in.  Heat  from  Steam. — The  average  steam  pressure  of  the  boiler  was  3.83 
atmospheres  absolute,  =41.6  lb.  per  sq.  in.  gauge  pressure,  and  the  temperature 
of  the  sui>erheated  steam  354°  C.  The  amount  of  heat  required  to  convert 
I  kg.  liquid  H2O  at  0°  C.  into  vapor  at  0°  C.  is  606.5  Cal.,  and  the  mean  specific 
heat  of  this  vapor  will  then  be  0.34+0.00015  /.  The  total  heat  in  the  steam 
will  then  be  24.i[6o6.5+(o.34+o.oooi5X354)354]  =  17,970.4  Cal. 

IV.  Heat  in  Calorific  Power  of  Gas. — The  calorific  power  of  the  gas 
was  determined  as  1,549  Cal.  per  cbm.  As  there  were  produced  278.1  cbm., 
the  heal  in  this  gas  was  1,549X278.1=430,777  Cal. 

V.  Heat  Absorbed  in  the  Decomposition  of  Steam  by  Carbon. — 
According  to  HiO+C  =  CO+H2,  there  is  a  deficit  (—69,000+29,160=  —39,840) 
(A  39,840  Cal.  in  decomposing  i8  kg.  liquid  H2O.  If  the  start  is  made  with 
steam  at  100°  C,  each  kg.  contains  637  Cal.  of  sensible  heat,  and  18  kg.  give 
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18X637  =  11,466  Cal.,  which  reduces  the  above  deficit  to  39,840—11466= 
28,374  Cal.  The  amount  of  heat  absorbed  in  the  decomposition  of  i  kg.  steam 
by  C  is  therefore  1,576  Cal.  The  weight  of  steam  dissociated  per  100  kg.  coal 
was  found  above  to  be  18.054  kg. ;  hence  the  heat  absorbed  per  100  kg.  is  i,576X 
18.054  =  28,453  Cal. 

VI.  Heat  Lost  in  Sensible  Heat  of  Ashes. — ^This  b  found  by  adding  the 
product  of  weight,  spec,  heat  and  temperature  of  dry  ashes  to  the  product  of  the 
weight  of  water  (removed  with  the  ashes  from  the  water-seal)  and  its  tempera- 
ture. The  weight  of  the  ashes  formed  per  100  kg.  coal  was  shown  above  to  be 
14.36  kg.;  the  spec,  heat  is  about  0.25;  the  amount  of  water  removed  with  the 
ashes  was  8.59  kg.  and  its  temperature  45°  C.  The  desired  values  are  14.36 X 
0.25X45  =  161.5  and  8.59X45  =  386.6;  hence  the  heat  lost  548.1  Cal. 

VII.  Heat  Lost  in  Unburnt  Carbon  of  Ashes. — The  14.36  kg.  ashes  were 
shown  above  to  contain  1.64  kg.  C.  The  amount  of  heat  lost  by  them  is  the^^ 
fore  1.64X8,100=13,284  Cil. 

VIII.  Heat  Lost  in  Tar  and  Soot. — One  cbm.  of  gas  was  shown  to  con- 
tain 15.35  g.  tar,  of  which  two  determinations  gave  76.75  and  78.50  per  cent. 
C;  and  dust  0.95  g.  with  13.5  per  cent.  C.  According  to  Limge^  an  average 
analysis  of  tar  free  from  H2O  is  C  78.0,  H  6.5,  N  i.o,  S  0.5,  O  14.0.  The  cal- 
orific power  of  average  water-free  tar  calculated  according  to  the  modified  Du- 
long  formula  for  liquid  water  is  7,950  cal.  For  every  100  kg.  coal  there  were 
formed  278.1  cbm.  gas,  hence  the  heat  lost  in  the  tar,  assuming  Lunge's  average 
analysis,  is  278.1X0.01535X7,958  =  33,972.7  Cal. 

The  heat  lost  in  the  soot  is  the  product  of  cbm.  gas  per  100  kg.  coal  X  kg. 
soot  per  cbm.  gas  X  per  cent.  C  in  soot  X  calorific  power  of  C,  or  278.  i  X0.0009S 
Xo.i35X8,ioo=  288.9. 

The  loss  in  tar  and  soot  is  therefore  33,972.7+288.9  =  34261.6  Cal. 

IX.  Sensible  Heat  in  Uncleaned  Gas. — The  amount  of  heat  present  in 
the  gas  from  100  kg.  coal  corresponds  to  the  product  of  calculated  volume  X 
measured  temperature  X  mean  spec,  heat,  or 

278. 1 X 529 X (0.35686+0.000025X529)  =  54,630  Cal. 

X.  Heat  in  Undecomposkd  Steam. — This  item  is  included  in  the  preced- 
ing head  which  refers  to  uncleaned  gas. 

XI.  Heat  Consumed  in  Evaporating  Water  in  Coal. — According  to 
the  chemical  analysis  100  kg.  coal  contain  10.05  ^g-  ^iO  which  multiplied  by 
the  latent  heat  gives  the  desired  amount;  10.05X606.5  =  6095.3  Cal.  The  heat 
of  the  gaseous  water  is  included  in  heading  VIII. 

* "  Chemisch-technischc  Untcrsuchungsmethodcn,"  Springer,  Bcriin,  1905,  n,  727. 
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XII.  Heat  Consumed  in  Evaporating  Water  from  Water-seal. — The 
amount  of  water  evaporated  from  the  seal  is  the  difference  between  the  disso- 
ciated +  condensed  water  and  the  water  introduced  by  the  blast  and  the  steam. 
The  water  dissociated  per  100  kg.  of  coal  was  15.6  kg.  The  analysis  showed 
that  I  cbm.  uncleaned  gas  contained  87  g.  =0.087  kg.  H2O.  As  278.1  cbm.  gas 
were  formed  per  100  kg.  coal,  the  H2O  amounted  to  24.2  kg.  The  total  is 
therefore  15.6+24.2  =  39.8  kg.  The  water  introduced  by  the  blast  was  24.20 
kg.,  and  the  coal  contained  10.05  P^^  cent.  HjO,  hence  the  sum  of  these  two 
items  is  24.20+10.05  =  34.25  kg.  Deducting  this  from  the  above  total  leaves 
the  water  from  the  seal,  or  39.8—34.25  =  5.65  kg.;  and  this  multiplied  by  the 
latent  of  H2O  gives  5.65X606.5  =  3426.7  Cal. 

XIII.  Heat  Lost  by  Radiation. — This  is  found  by  difference  and  is  shown 
in  the  table  to  amount  to  4042.8  Cal. 


Balance  Sheet  for  icxj  Kg.  Coal 


Debit 

I.  Heat  from  calorific  p>ower  of  fuel. 

II.  Heat  from  air-blast 

III.  Heat  from  steam 


Credit 

IV.  Heat  in  calorific  power  of  gas 

V.  Heat  absorbed  in  the  decomposition  of  steam  by 
carbon. 

VI.  Heat  lost  in  sensible  heat  of  ashes 

VII.  Heat  lost  in  unburned  carbon  of  ashes 

VIII.  Heat  lost  in  tar  and  soot 

IX.  Sensible  heat  in  uncleaned  gas 

X.  Heat  in  undecomposed  steam 

XI.  Heat  consumed  in  evaporating  water  from  coal.. 
XII.  Heat  consumed  in  evaix)rating  water  from  water- 
seal. 
XIII.  Heat  lost  by  radiation 


Calories 


559,800.0 

531   I 
15. 183. 4 


575,5145 


430,770.0 
28,453  o 

548  I 
13,284.0 

34,261.6 

54,630.0 


6,095  3 

1 .04 

3,426.7 

0.60 

4,042.8 

0.71 

575,5-^2.5 

100.00 

Per  cent. 


97  3 
o.  I 

2.6 


100. o 


74-85 

4  94 

o.  10 

2.31 

5  95 
9  50 


4.^0,777 


The  thermal  efficiency  of  the  producer  is    \    »     X  100=  77  per  cent.,  presup- 
posing  the  gas  to  be  burnt  cold;  if  burnt  hot,  its  sensible  heat  will  have  to  be 
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432300-1-54630 

added  "  oj^       Xioo=87  per  cent.    In  order  to  complete  the  state- 

ment, the  amount  of  coal  biu'nt  under  the  boiler  to  raise  the  necessary  steam 
will  have  to  be  considered. 

146.  Mond  Gas.' — Mond  gas  differs  from  ordinary  producer  gas  in  that  it  is 
rich  in  CO2  and  H,  and  poor  in  CO  and  N,  as  seen  by  th^  foUowing  analyses: 

Table  136. — Analyses  of  Mond  Gas 


Locality 


Detroit,  Mich 
England 


CO, 

0 

CO 

diiHtii 

CH4 

H 

N 

14.6 

o.S 

10.3 

53 

23. S 

55. 8 

16. 5 

II. 0 

2.0 

27.5 

430 

Authority 


Pennock 
Pennod 


It  is  formed  by  running  a  producer  with  an  excess  of  steam  (2.5  lb.  steam  at 
250°  C.  :  3  lb.  air  per  lb.  coal),  two-thirds  of  which  remains  undecomposed and 
passes  off  with  the  gases.    The  resulting  low  temperatiire  of  the  producer  causes 
the  formation  of  much  CO2  and  the  conversion  of  70  per  cent,  of  the  N  of  the 
coal  (with  I  to  1.5  percent.  N)  into  NHs,  one  ton  coal  yielding  90  lb.  (NH4)sS04. 
The  gases  from  the  producer  (500°  C.)  travel  through  U-shaped  recuperator 
pipes,  around  which  passes  a  mixture  of  air  and  steam  on  its  way  to  the  jacket 
and  grate  of  the  producer;  they  are  then  drawn  through  a  wrought-iron  chamber 
filled  with  a  fine  water-spray  by  means  of  mechanical  dashers.    The  watery 
atmosphere  removes  dust  and  some  tarry  matter  and  collects  some  NHs,  but 
the  gas  is  not  washed  suflSciently  for  any  NHs-liquor  to  collect.    The  gases, 
cooled  to  about  90°  C,  now  rise  in  an  acid  tower  filled,  with  checkerwork  of 
acid-proof  brick  over  which  4-per  cent.  H2SO4  trickles  downward  and  com- 
bines with  the  NHs.    The  acid  is  circulated  until  it  contains  about  36  per  cent 
(NH4)2S04,  when  part  of  it  is  drawn  off,  replaced  by  fresh  acid,  and  worked  up. 
The  gas  freed  from  NHs  rises  through  a  cooling  tower  A,  filled  loosely  with 
wood  packing  over  which  water  of  40°  C.  trickles  downward  reducing  the  tem- 
perature of  the  gas  to  55°  C;  this  is  then  delivered  to  the  furnace  where  it  b  to 
be  burnt.    The  cooling  water  warmed  to  75°  C.  is  pumped  to  the  top  of  the  heat- 
ing and  saturating  tower  B,  filled  in  the  same  way  as  A,  and  allowed  to  trickle 
through  it.    Air  from  a  blower  is  forced  in  near  the  bottom  of  tower  B,    In  its 
upward  passage  it  becomes  warmed  and  charged  with  water  vapor  and  then 
passes  through  the  U-shaped  pipes  and  air-jacket  of  the  producer  that  it  may 
become  superheated  before  it  comes  in  contact  with  the  glowing  coal,  or  coke. 

*  Mond,  /.  Soc.  Chem.  Ind.^  1889,  viii,  503. 
Darby,  /.  /.  and  St.  /.,  1896,  i,  144. 
Editor,  Eng.  Min.  /.,  1896,  lxi,  421. 

Humphrey,  Engl.  Inst.  Civ.  Eng.^  1896-97,  cxxrx,  190;  Eng,  Min.  J.,  1897,  txiv,  640; 
Iron  AgCf  Nov.  18,  1897;  Coll.  Guard. ,  1897,  LXxiv,  750,  795,  844. 
Pennock,  J.  Soc.  Chem.  Ind.,  1905,  xxrv,  599. 
Heber,     Braunkohle^     19 10,  viii,  759. 


FUEL  3.15 

The  water  collecting  at  the  bottom  of  tower  B  has  been  cooled  down  to  40°  C, 
and  is  piunped  on  the  top  of  tower  A . 

Mond  gas  is  of  uniform  quality  and  clean;  its  calorific  power  may  be  higher 
than  that  of  ordinary  producer  gas  on  account  of  its  high  percentage  of  H..  The 
efficiency  of  the  producer  is  about  the  same  as  that  obtaining  with  the  ordinary 
manner  of  making  producer  gas,  for  the  reason  that  the  heat  evolved  in  the  for- 
mation of  COi  is  mostly  absorbed  by  the  decomposition  of  H2O  and  the  genera- 
tion of  H.  In  order  to  warrant  the  increased  cost  of  the  Mond  plant  over  that 
of  the  ordinary  producer  plant,  it  is  necessary  to  have  a  capacity  of  gasifying 
at  least  30  tons  of  coal  per  day. 

147.  Iron  Blast-furnace  Gas. — ^The  iron  blast-furnace  may  be  considered  as  a 
large  gas-producer.  Its  gas  shows  the  following  range  of  composition:  N  55  to 
65  per  cent,  vol.,  CO  20  to  32,  COi  6  to  18,  H  i  to  6,  CH4  o  to  6;  the  average 
is  N  60,  CO  24,  COj  12,  H  2,  CH4  2  per  cent.  The  gas  contains  more  CO2  and 
less  H  than  normal  producer  gas,  and  is  free  from  S;  it  is  charged  with  more  or 
less  moisture  and  dust.  It  used  to  be  burned  exclusively  in  heating  stoves  and 
boilers.  At  present  part  of  it  is  being  more  and  more  used  for  the  production 
of  energy  in  the  gas-engine  after  it  has  been  thoroughly  cleaned  (§340).  It  has 
been  suggested  that  ordinary  producer  gas  be  enriched  by  running  the  producer 
with  a  mixture  of  air  and  iron  blast-furnace  gas  on  account  of  the  low  percentage 
of  H  of 'the  latter  (part  of  the  blast-furnace  coke  having  been  burnt  by  the  O  of 
the  ore)  and  the  endothermic  reduction  of  COs. 

148.  Water  Gas.' — The  first  water-gas  plant  was  erected  by  T.  S.  C.  Lowe 
in  1874  at  Phoenixville,  Pa.,  who  was  awarded  a  medal  by  the  Franklin  Insti- 
tute in  1886  for  his  work  as  a  pioneer.  Water  gas  is  obtained  by  the  action  of 
steam  upon  incandescent  C,  viz.,  H2O+C =H2+C0— 39,840  cal.  Its  theoreti- 
cal composition  by  vol.  is  therefore:  50  H  +50  CO  (or  by  weight  6.67  H+93.33 
CO)  with  a  calorific  value  of  H2+CO+02=H20+C02+i26,ioo  cal.  As  the 
reaction  of  making  water  gas  is  strongly  endothermic,  the  necessary  heat  must 
be  supplied  in  some  other  way,  and  this  is  done  by  working  the  generator 
intermittently  as  an  ordinary  producer  (C-|-0  =  CO+ 29,160  cal.). 

In  the  manufacture  there  are  therefore  two  distinct  periods  alternating  in 
from  s-to  lo-min.  intervals:  the  period  of  "heating-up"  (1,200°  C.)  by  intro- 
ducing air  and  making  producer  gas,  and  the  "period  of  cooling"  (steaming) 
by  introducing  steam  and  making  water  gas.  The  steaming  period  may  not 
reduce  the  temperature  to  much  below  1,000°  C,  as  then  the  reaction  2H2O+ 
C= 2H2+CO2  would  prevail  over  H2O+C  =  H2+C0  (p.  296). 

*  Strache,  W.,  "Das  Wassergas,  Seine  Herstellung  und  Vermendbarkeit,'*  Deutike,  Vienna, 
1896. 

Geitd,  M.,  "Das  Wassergas  und  Seine  Verwendung  in  der  Technik/'  3d  ed.,  Siemens 
Berlin,  1900. 

Blass,  StaU  u.  Risen,  1886,  vi,  3. 
Lunge,  Min,  Ind.f  1900,  dc,  149. 
.  Dicke,  Stahl  u.  Eisen,  1907,  xxvii,  1181, 1223. 
Thibeau,  Rev.  Univ.  Min.,  1908,  xxi,  58,  100. 
Chantraine,  ibid.,  p.  76,  115. 
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Fic.  197. 
Figs.  196  and  197.— Water  gas  producer,  German  type. 
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The  fuel  xised  is  anthracite  and  carbonized  fuel:  coke  (charcoal).  Industrial 
water  gas  shows  the  following  range  of  composition:  H  44  to  53  p>er  cent,  vol., 
CO  40  to  45,  CH4  o  to  4,  COj  1.5  to  6,  N  I  to  8;  an  average  has  been  giv^n  in 
Table  127. 

The  gas  is  used  mainly  as  an  illuminant  after  enrichment  with  heavy  hydro- 
carbons to  give  it  the  required  candle  power.  As  a  heating  gas  it  serves  mainly 
in  smaD  fires  for  welding,  brazing,  forging,  tempering,  crucible-fusions,  etc., 
where  a  fuel  of  high  calorific  value  is  desired.  In  large  fires,  such  as  open-hearth 
furnaces,^  boilers,^  and  in  the  production  of  energy  in  gas-engines,  it  has  been 
or  is  being  replaced  by  mixed  gas  generated  in  producers  run  with  steam 
blowers,  as  water  gas  is  expensive  on  account  of  the  steam  required,  the 
heat  lost  in  heating  up,  and  the  intermittent  character  of  the  process  of 
manufacture. 

The  plant,'  Figs.  196-197,  in  its  simplest  form  consists  of  a  generator  and  a 
Scrubber.  The  generator  is  a  cylindrical  furnace  of  boUer  iron  (about  20  ft.  high, 
8  ft  outer  and  5  ft.  inner  diam.)  lined  with  fire-brick.  Its  top  is  closed  by  the 
charging  hopper  E  with  cover  e\  and  valve  62.  The  bottom  has  a  cooling  ring 
k  which  prevents  the  adhering  of  clinkers  and  thus  facilitates  their  removal. 
In  "blowing-up,"  the  low-pressure  air-blast  (15.5  in.  water)  passes  by  the 
damper  </,  enters  the  annular  chamber  Ay  traverses  the  ash-bed  and  the  column 
of  anthracite  or  coke  (about  8  ft.  high),  and  is  converted  into  producer  gas 
which  passes  through  flue  B  and  valve  G  into  the  delivery  pipe.  After  thus  blow- 
ing hot  for  ID  to  II  min.,  the  changes  necessary  for  steaming  are  made  by  simply 
turning  the  hand-wheel  H,  which  is  connected  by  gearing,  rods  and  levers  with 
the  different  parts  to  shut  off  the  air  with  the  throttle  valve  d  and  to  turn  on 
steam  at  D  with  slide  valve  F,  to  shut  off  the  producer-gas  valve  G,  and  to  reverse 
the  water-cooled  slide-valve  S  having  explosion  ports  a.  This  allows  the  water 
gas  now  generated  by  the  downward  passage  of  the  steam  through  the  incandes- 
cent carbon  to  pass  off  through  g  and  W  into  the  scrubber,  be  cleansed  by  ascend- 
ing through  the  trickling  wash-water,  and  then  leave  through  the  discharge 
pipe  into  the  gas  holder.  After  steaming  4  min.,  the  hand- wheel  H  is  turned 
in  the  opposite  direction,  and  the  furnace  operated  again  with  air.  While 
charging  fuel,  both  air  and  steam  valves  must  be  kept  dosed.  The  pressures 
in  the  generator  and  scrubber  must  be  carefully  regulated.  Thus,  in  "blowing- 
up"  the  pressure  at  the  bottom  of  the  generator  is  15.7  in.  water,  at  the  top  7.0 
in.,  and  in  the  scrubber  4.7  in.;  in  steaming,  it  is  at  the  top  of  the  generator 
27.5  in.,  at  the  bottom  15.7  in.,  and  in  the  scrubber  9.8  in.  Fischer*  examining  a 
water-gas  plant  at  Essen,  Germany,  found  that  one  net  ton  of  coke  gasified  in 
1.6  hr.,  gave  36,200  cu.  ft  of  water  gas;  the  gas  analysis  gave  the  following 
values: 

^Lilienberg,  Tr.  A.  /.  if.  £.,  1884-85,  xni,  708. 

•  Jacobus,  op,  cU.f  1888-89,  x^>  300. 

*  Min.  Ind.f  1900,  ix,  153. 

^"Dic    chemische    Technologic    der  Brcnnstofife,"  Vieweg,  Brunswick,   1901,  vol.  n, 
p.  226. 
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3J 
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40-9 
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CH. 
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0.39 

0.18 

0.4 
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H. 
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N, 
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3.7 

Of  the  calorific  value  of  7,000  cal.  of  the  coke,  3,000  (43  per  cent.)  were 
recovered  in  water  gas,  2,970  (42  per  cent.)  went  into  producer  gas,  800  into 
cooling  water  and  290  were  added  by  the  use  of  steam,  leaving  530  lost  by 
radiation.  As  far  as  the  water  gas  is  concerned,  the  heat  generated  in  bloving 
up  is  lost  unless  theproducergasformedisburnt  andthebeat  of  theproductsd 


Fig.  198. — Loomis-Pettibone  gas-producer  at  Nacozari,  Mexico. 

combustion  are  returned  to  the  generator,  by  conducting  them,  e.g.,  through 
recuperators  or  regenerators  through  which  the  steam  is  conducted  before  it 
enters  the  generator.'  With  large  plants,  the  producer  gas  <rf  several  furnaces  is 
led  into  a  holder  and  burnt  under  boilers. 

Another  form  of  generator  is  the  down-draft  type  of  Loomis-Pettibone*  which 
is  suited  for  natural  fuels,  rich  in  volatile  matter,  such  as  wood  and  bituminous 
coal. 

» /.  /  and  St.  I.,  1890, 11,  381  (Loomis);  1903, 1,  387  (Douglai). 

•  Tt.  a.  1.  il.  £.,  1890-91,  XK,  995  (Loomis);  1904,  xxxiv,  748  {Lui(|[toii}. 


Figs.  198  and  igq  represent  the  plant  of  the  Moctezuma  Copper  Co,,  Naco<-l 
zari,  Mexico.'  A  unit  plant  consists  of  two  generators  (inside  dlam.  6  ft.  9  in.,  i 
fuel  bed  8  ft.  deep)  connected  with  one  another  by  a  horizontal  pipe  G  below  the.1 
charging  doors  E  and  f ;  a  boiler  (economizer)  joined  to  the  generators  below  I 
the  arched  fire-brick  grates  by  means  of  pipes  ivith  gate-valves  A  and  B;  and  a 
scrubber  attached  to  the  positive-blower  plant  which  provides  the  necessary! 
draft  and  delivers  the  gases  to  two  holders  or  into  the  open  through  pipes  X  I 
(producer  gas).  Y  (water  gas),  and  Z  (waste  gas). 

In  starting  the  producers,  a  layer  of  fuel  about  5  ft.  deep  is  charged  and  I 
ignited  at  the  top.  The  blower  is  set  going,  the  fuel  brought  to  incandescent^  ■ 
and  replenished  through  openings  E  and  F  until  the  normal  depth  of  8  ft.  has 
been  attained.  Alt  the  air  entering  at  the  top  comes  in  contact  with  fresh  fuel; 
the  products  of  distillation  and  imperfect  combustion  are  drawn  downward 
through  incandescent  fuel  and  completely  gasified.  They  leave  the  bottoms  of 
the  generators  through  valves  A  and  B,  rise  through  the  tubular  boiler  and  geo- 1 


eratiog  steam  leave  it  at  the  ordinary  temperature  of  chimney  gases;  they  are 
then  further  cooled  to  about  atmospheric  temperature  and  cleansed  by  traveling 
through  the  water-sprayed  coke-filled  trays  of  the  scrubber,  and  finally  pass 
off  into  the  open  through  pipe  Z.  After  about  10  min.,  the  gas  will  be  rich 
enough  to  be  diverted  through  pipe  X  into  the  holder  for  producer  gas.  In 
making  water  gas,  doors  E  and  F  and  valves  B,  X  and  Z  are  closed;  steam  is 
turned  on  undergratcof  generator  No.  2.  The  water  gas  formed  passes  through 
ihc  top-connecting  pipe  into  generator  No.  I,  leaves  it  through  valve  A,  passes 
through  boiler,  scrubber,  exhaust  and  pipe  Y  into  the  water  gas  holder.  In  the 
next  steaming,  the  direction  of  the  gases  is  reversed;  valve  A  is  closed  and  B 
(q>ened,  and  steam  admitted  below  the  grate  of  generator  No.  i.  Making  of 
producer  and  water  gas  alternate  about  every  5  min.,  the  time  depending  upon 
the  quality  of  gas  it  Is  desired  to  obtain. 

At  Nacozari  the  usual  mode  of  operating  has  been  modified,  by  introducing 
on  top  of  the  charge  just  enough  steam  through  valves  M  and  pipe  S  during 
the  "heating  up"  period  to  have  the  temperature  in  the  generator  rise  very 

'  Tr.  A.  I.  M.  E.,  1904,  XXXIV,  755,  756. 
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gradually,  then  making  a  short  water  gas  run  with  bottom  steam  to  slightly 
cool  the  fire,  and  resuming  to  make  mixed  (Dowson)  producer  gas  with  top- 
steam.  The  water  gas  collected  in  a  holder  is  fed  gradually  into  the  main 
holder  for  mixed  gas  which  supplies  the  engines. 

A  radical  departure  from  the  ordinary  method  of  making  water  gas  is  tbit 
of  the  Dellwick-Fleischer  System^  which  aims  to  bum  the  C  during  the  heating 
up  period  to  CO2  instead  of  to  CO,  and  accomplishes  it  by  having  a  low  fudbed 
(3  to  4  ft.)  and  a  high-pressure  blast.  In  thus  saving  fuel  (8,000  vs.  4,000  cu.  ft 
water  gas  per  ton  of  coke)  and  time  (20  vs,  80  per  cent,  of  the  time  required  for 
blowing  hot),  the  new  process  becomes  much  more  efficient  than  the  older 
system.  The  following  calculation  by  Dellwick*  brings  this  out  clearly.  The 
thermal  data  used  by  the  author  are  slightly  different  from  those  given  by 
Dellwick. 


Old  Method  and  Dellwick  Method  Compared 


Old  method 


Dellwick  method 


One  pound  C  requires  for  combustion 

This  O  is  accompanied  by 

The  products  of  combustion  carry  away  at 
700**  C. 

Thp  heat  of  combustion  of  i  lb.  C  is 

Balance  available  for  heating  fuel 


To  CO:  \i  lb.  O 

4.32  lb.  N 

1,136  caL 

2,400  cal. 

2,400  —  1 ,136  =  1,264 

cal. 

To  fill  the  balance  of  28,760  cal.  required  for    28,760 _       7;-  ik  r 
making  30    lb.  water  gas  there    must    be  ^1264 
burnt.  I 

Apart  from  loss  by  radiation,  etc.,  there  are  112-1-22.75=34. 75 Ib.C 
required  for  making  30  lb.  (753  cu.  ft.)  of 
water  gas. 
Or:  per  i  lb.  C  is  produced :  21 . 7  cu.  ft.  water  gas 


As  water  gas  of  theoretical  composition  con- 
tains 167  cal.  per  cu.  ft.,  there  are  utilized  i 
in  water  gas  from  i  lb.  C. 

This  is  equal  to 


3,627  cal. 


48  per  cent,  of  the 
total  heat  of  C 


To  CO,:?}  lb.  0 
8.64  lb.  N 
2,092  caL 

8,080  caL 
8,080— 2,092 =s,( 
cal. 

12+4.83  =  16.83  lb.  C 


44 . 7  cu.  ft.  water  gas 
7,465  cal. 


92 . 5  per  cent  of  the 
toUl  heat  of  C 


In  the  old  method,  the  quantity  of  CO  formed  is  amply  sufficient  to  raise 
the  necessary  steam;  in  the  Dellwick  method  the  escaping  heat  suffices  only  to 
warm  the  boiler  water.  The  fuel  consumed  (12  to  15  per  cent.)  for  raising 
steam  reduces  the  actual  efficiency  from  92.5  to  about  80  per  cent. 

*  Dellwick,  Iron  Age,  April  8  and  July  21,  1898;  /.  /.  and  St,  /.,  1900,  i,  119. 
Lunge,  Min.  Ind.,  1900,  DC,  156. 
Sexton,  Eng.  Mag.,  1903-04,  xxvi,  204. 
Sjostedt,  7.  Can.  Min.  Inst.,  1905,  viii,  290. 
*J,  I.  and  St.  /.,  1900, 1,  123. 
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Rg.  aoo  gives  a  diagrammatic  representation'  of  the  plant.  The  generator 
B,  about  8  ft.  diam.  and  10  to  12  ft.  high,  has  a  bed  of  coke  3  to  4  ft.  deep.  In 
Imting  up,  blast  is  admitted  through  pipe  £,  the  products  of  combustion  pass 
06  through  valve  A  either  into  the  apta  through  chimney  D  or  first  through  some 
Rcopcrator  to  be  traversed  by  steam.  After  heating  up  for  2  to  3  min.,  the  coke 
hi)  reached  a  temperature  of  about  1,500°  C.  and  is  ready  for  the  chaise  to 
-  tteaming  which  is  made  by  turning  the  ratchet-wheel  K.  This  cuts  off  the  blast 
It  C,  closes  the  top-valve  A,  opens  the  gas-valve/,  and  admits  steam  through 
i  or  L'  alternately  from  top  and  bottom.  Practice  has  shown  that  alternation 
^a  a  more  uniform  product.     Steaming  lasts  8  to  10  min.  (a  test-flame  shows 


Fig.  100 — Diagrammatic  representation  of  Dellwilc  Fleischi 


the  character  of  the  gas),  when  a  reversal  of  the  ratchet-wheel  K  will  set  the 
valves  again  for  heating  up.  The  coke  consumed  is  replenished  through  A,  and 
ashes  and  clinkers  are  removed  through  doors  (not  shown)  above  and  below  the 
grate  bars.  The  water  gas,  drawn  oS  above  01  below  the  charge,  passes  through 
valve  y,  either  directly  into  the  scrubber  M  or  first  through  the  steam-super- 
heater H,  into  the  gas-holder.  Its  average  composition  is  given  as  H  5 1 ,  CO  4a, 
CH*  0.5,  CO,  4.0,  N  a.5. 

At  the  water-gas  plant  of  the  Lake  Superior  Power  Co.,*  Sault  Ste.  Marie, 
Ont.,  the  cost  of  water  gas,  running  two  generators  continuously,  was  15  cents 
per  1,000  cu.  ft.  with  70,000  cu.  ft.  gas  per  ton  of  coke:  1 1.5  tons  coke  {@  $6) 
$69;  steam  $30;  fotir  men  (@  $3.50)  $10;  superintendence,  power,  light  depre- 
dation and  repairs  $21;  total  tiio;  or  800,000  cu.  ft.  @  15  cents  =Siao.  Run- 
ning intermittently  for  a  couple  of  hours  at  a  time  to  furnish  the  gas  for  two 
'  £kj.  Mag.,  1903-04,  xxvi,  aio. 
■  SjSMcdt,  /.  Cm>  Min.  Intl.,  1905,  vm,  290. 


322 


GENERAL  METALLURGY 


holders  of  20,000  cu.  ft.  capacity,  the  gas  to  be  used  in  the  chemical  laboratory 
for  welding,  etc.,  the  cost  was  50  cents  per  1,000  cu.  ft. 

149.  Oil  Gas.' — ^This  gas  is  formed  by  the  rapid  destructive  distillatko 
(cracking)  of  petroleum  (tar,  shale  oil)  in  retorts  at  elevated  temperatures  with 
or  without  the  presence  of  superheated  steam.  The  composition  of  the  gu 
varies  a  good  deal  with  the  temperature  of  the  retort. 


Table  137.- 

— CoMPOsmoN  OP  Oil 

Gas 

Temperature 

CO, 

0 

CmH» 

CH4 

H 

CO 

N 

Authority 

Correct 

Too  high 

1.27 
1-33 

1.89 
1.33 

36.02 
5-32 

41.30 
23.22 

18.89 
68.47. 

0.63 
1.83 

0 
0 

Lewes,  /.  Gashdend^ 
ung,  i89i,xxxiv,668. 

At  a  correct  temperature  the  gas  is  rich  in  iUuminants,  C^Hn,  and  poor  in  H; 
if  the  temperature  is  too  high,  the  cracking  is  carried  too  far,  the  C,H, 
are  decomposed  into  H  and  tar,  and  the  gas  loses  its  illuminating  power. 
According  to  Noyes-Blinks-Mory*  the  undiluted  oil  gas  of  Terre  Haute,  InA, 
produced  at  a  temperature  of  700  to  900°  C,  had  the  following  composition: 
CO2  2.;^,  O  0.02,  CfnHn  28.1,  CH4  44.8,  H  20.5,  CO  0.6,  N  3.5  per  cent  vol 
Steam  was  used  to  inject  the  oil  into  the  generator,  but  was  not  decomposed 
The  gas  requires  a  large  amount  of  air  for  combustion;  in  burning,  it  has  a  ten* 
dencv  to  smoke. 

In  the  Archer  gas  fuel  process,*  crude  oil  brought  to  a  temperature  of  about 
200°  C.  is  pumped  through  a  0.5-in.  coil  to  be  further  superheated,  and  then 
brought  in  contact  in  a  closed  vessel  (the  vaporizer)  with  steam  of  similar  tem- 
perature. The  office  of  the  steam  is  to  prevent  the  breaking  up  of  hydrocarbon 
vajx)rs  with  dop<^>sition  of  C.  The  gasification  of  the  oil  is  not  complete,  as  the 
gas  always  retains  some  oil  vajx>r.  One  gallon  of  oil  is  said  to  yield  from  80  to 
150  cu.  ft.  of  gas  having  a  calorific  value  of  135  Cal.  per  cu.  ft.  The  gas  has 
btH?n  used  in  heating-furnaces  (Cleveland  Rolling  Mills)  and  the  Pemolet  open- 
hearth  stool  furnace  (Cambria  Steel  Co.),  but  has  fallen  into  disuse  on  account 
of  the  low  offioioncy  of  the  process,  as  only  about  40  per  cent  of  the  heating 
power  of  tho  oil  is  found  in  the  gas. 

In  tho  Pintsch  j>riXoss  furnishing  the  Pintsch  gas  used  for  lighting  railroad 
cars/  tho  oil  is  gasified  by  dropping  it  slowly  into  the  upper  of  a  pair  of  O-shaped 
hv^ri.-.ontal  retorts,  placed  one  above  the  other  and  heated  from  a  fireplace 
lunoath  tho  lower.     \'apor  and  gas  from  the  upper  retort,  which  vaporizes 

*  rriHl\uvr>:  Willaril.  /r.»»»  7>.;Jr  ^rr.,  1009.  XLn*,  327;  International  ilme/Goj  PoiMfCtf., 
/r»»»i  .1(Cc\   loM.  l.V\\\m.  KX^;  CiWihI/,  Fr^iunkohlfy  1012,  XI,  357. 

*.'.  .1hi.  iW;^».t.  .V.v,.  1S04.  \vi.  oSo. 

*  r».iC.  .U;»i.  .'..  lS^v^.  \u\.  .\ni;  Jrrnk.  .twnj/..  1S07,  plate  XII,  Fig.  i. 

*  Or.wNings  of  Manhattan  lMo\atal  K.iilroad  Plant.  Am,  Engineer,  and  R,  R,  J.,  1899, 
Lxxni,  1. 
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mnd  cracks  the  oil,  pass  into  the  lower  retort  kept  at  1,000°  C.  which  trans- 
fonns  the  remaining  vapors  into  permanent  gas. 

150.  i^iipaiatus  for  Burning  Fuels,  General. — Of  the  four  classes  of  metal- 

Imgical  operations,  termed  dry,  wet,  electric  and  mechanical,  the  first  practically 

ahrays  requires  an  elevated  temperature  produced  in  furnaces  by  the  combustion 

of  fueL    The  fuel  is  either  in  contact  with  the  ore,  in  which  case  the  furnace  is 

its  own  burning  apparatus,  or  it  is  burnt  in  a  separate  fireplace,  in  which  case 

the  flame  either  acts  directly  upon  the  ore  or  indirectly  by  heating  a  closed  vessel 

containing  the  ore.    The  constructions  of  the  separate  fireplaces  will  differ 

for  solid,  liquid  and  gaseous  fuels,  but  whatever  the  forms,  they  ought  to  permit 

as  much  as  possible: 

(i)  Perfect  combustion  with  the  smallest  excess  of  air  over  that  which  is 
theoretically  necessary. 

(2)  Raising  of  the  temperatiu'e  well  above  the  normal  when  occasion  requires 
and  at  the  same  time  giving  the  flame  space  for  free  development. 

(3)  Small  loss  of  heat  by  radiation. 

All  separate  fireplaces  have  to  be  supplied  with  the  air  necessary  for  com- 
bustion (natural  and  forced  draft)  and  with  the  means  of  removing  the  products 
of  combustion. 

X5Z.  Apparatus  for  Burning  Solid  Fuels. — Most  fire  chambers  for  solid  fuels 
have  a  grate,  a  set  of  iron  bars  placed  in  such  a  manner  as  to  leave  air-spaces 
between  them.    The  grate.  Figs. 

mi 


my^ .5T 


Figs.  201  and  202. — Single  grate-bar. 


201  to  204,  supporting  the  fuel, 

separates  the  fireplace  from  the 

ash-pit.    The  air  enters  beneath 

the    grate,    passes   through   the 

open  ^aces,  strikes  the  clinkers 

and  a^es,  then  travels  through 

a  bed  of  partly  burnt  fuel  to  the 

raw  fuel.    On  its  way  it  becomes  heated  to  the  kindling  temperature  of  the 

fuel  (225°  C.  lot  peat,  300  for  wood,  400-500  for  coal,  600  for  anthracite 

and  coke)   and  ignites  it.    The  necessary  air  is  supplied  either  by  natural 

(chimney)  draft  or  by  forced 
draft  (undergrate  blast);  the 
supply  with  the  latter  is  more 
regular  than  with  the  former, 
as  it  is  independent  of  the  con- 
dition of  the  fuel-bed.  In  low- 
temperature  (roasting)  furnaces 
natural  draft^  is  more  common 
and  in  high-temperature  (smelting) 

furnaces  forced  draft.*    With  both  methods  the  draft  has  to  be  the  stronger 

*  Cobb,  Natural  and  Induced  Draft,  /.  Soc.  Chem.  Ind.,  1905,  xxrv,  528;  Eng.  Min, 
/.,  1905,  LXXX,  676. 

'  Booth,  Natural  and  Forced  Draft,  Cass,  Mag.,  1901-02,  xxi,  130. 


Figs.  203  and  204. — Double  grate-bar. 
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h\AtT  the  fuel-bed  and  the  greater  the  tendency  of  the  coal  to  coke  or  til 
itxnfpiidte:  lump  coal  will  require  less  draft  than  when  medium  size  or  fix 

The  ashes  of  the  coal  as  well  as  some  of  the  clinkers  will  beodlectedintk 
x>h-vnt.  This  is  open  with  natural  draft,  closed  with  fcM'ced  draft  Thecoii- 
busrkm  varies  somewhat  with  the  character  of  the  fuel,  the  kind  of  grate  ail 
the  manner  of  firing.  The  flame  from  the  fireplace,  Fig.  205,  passes  over  1 
nrr-bridge  onto  the  hearth  of  the  furnace  where  it  may  have  to  supply  oidj 
hv'dC.  iH-  at  the  same  time  to  produce  an  oxidizing  or  a  partially  reducing  cfied; 
the  tucl-btnl  should  be  lower  with  an  oxidizing  than  with  a  reducing  fiame.^ 

T^iK  Ordinary  Grate,  Figs.  201  and  202,  consists  of  a  set  of  paralld  ira 
bani  alK^ut  3  ft.  from  the  floor,  placed  horizontally  or  slightly  inclined  (pitii 
0.75  in.  :  I  ft.)  and  supported  at  the  ends  by  cast-iron  bearers.     Grates  for  low- 
tctttlHTuture  furnaces  are  usually  of  cast-iron  and  for  high-temperature  fumaoa 
oi  wriHight  iron.    The  air-space  between  two' cast-iron  bars  is  fixed  by  the  widtk 
oi  t  he  hcails  which  is  greater  than  that  of  the  bars.    In  order  to  prevent  buckling, 
^tatcs  have  projections  at  the  center.    For  the  same  reason  grates  arc  ofta 
vMst   in  pairs.  Figs.  203  and  204.    In  Figs.  201  and  202  the  heads  differ  from 
\'ue  AUotluT;  they  represent  the  front  half  of  a  double  grate,  Figs.  203  and  204; 
(he  hoail  is  intended  to  enclose  a  cross-bar,  allowing  the  head  to  glide  to  and  fro 
u^  \lcinuiuled  by  expansion  and  contraction;  the  distance  between  the  heads  is 
uuuntuinrd  by  a  forked  casting. 

Tlu*  Irngth  of  a  grate  rarely  exceeds  3  or  4  ft.;  with  longer  fireplaces  there 
w  ill  W  two  or  more  sets  of  grate-bars  resting  upon  transverse  bearers,  expansion 
M|i(UCH  of  about  0.25  in.  being  left  between  the  sets.  The  width  (web)  is  about 
>»  III.  at  t  lir  rnds  and  3  to  5  in.  at  the  middle.  The  cross-section  is  tapered  down- 
\\K\\\\  to  assist  the  ascending  of  the  air  and  the  descending  of  the  ashes.  The 
lliU  ktH*»H  at  the  top  with  natural  draft  or  lump  coal  is  5/8  to  i  in.;  it  is  often 
nt.iihtiiiiu'd  (^onstant  for  a  short  distance  downward  and  then  tapers  quickly  to 
\  1(1  tn  s/^  in*  <it  the  bottom;  with  forced  draft  or  fine  coal,  the  thickness  at  the 
\\\\\  U  ,|/H  to  ()/i6  in.  The  air-spaces  for  natural  draft  or  lump  coal  are  3/810 
I  .»  111.  whir,  for  forced  draft  or  fine  coal  1/16  to  1/4  in.  The  area  of  thcair- 
I  |iiii  rti  U  .^(3  to  50  per  cent,  of  the  total  grate  area.  Coal  that  has  ashes  which 
tllitKn  Mjulily  requires  wide  air-spaces. 

\Vi  (iu^lit  iron  bars  arc  usually  square,  the  sides  being  i  to  1.5  in.  long.  They 
1(11  nitlinaiily  worked  with  a  deep  layer  of  fuel  and  a  thick  bed  of  clinkers 
^1  ll hi. u  }M  !»!«*)•  With  low-temperature  furnaces  wrought-iron  grates  are 
i.iiMii  I  liiii  h  iiumIo  of  flat  bars  bolted  together  at  the  ends  and  in  the  middle,  with 
i^.i.>Ih  ii>  ( ^/ Wj  in.)  intervening  to  furnish  the  air-spaces  and  to  prevent  warping. 

I  iii)ilitiiri  usually  are  oblong;  the  bars  are  placed  parallel  to  the  sides; 
til  I  .(..iiiii.illy  with  long  fireplaces  they  are  laid  parallel  to  the  ends  and  cleaned 
(it.in  llii  iii<l»*,  tlir  cleaning  slot  being  closed  by  a  hinged  door. 

hi  .1 1 1  rt  uj  I  tn  4  f t.  long  are  fired  from  one  end,  and  when  longer  they  are  fired 
III. (II  Ih'IIi  mils.     The  essential  requirements  of  good  firing*  are  that  the  neces- 

«  llMiii.  lliuiiliiK  \V»K)(1,  Eng,  Min.  /.,  1900,  Lxxxvii,  499. 
*  I  m  1^,  It  OH  A^r.,  ()( t.  2,  9i  16,  23,  30,  Nov.  13  and  27, 1902. 
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amount  of  air  shall  pass  at  an  even  speed  through  the  grate  spaces;  that  air 

gases  shall  be  thoroughly  mixed;  that  the  temperature  in  the  fireplace  shall 

uniform  and  sufficiently  high  to  ignite  the  gases,  and  that  the  fuel  shall  be 

sufficient  time  to  biun.    An  ordinary  grate  may  be  run  with  a  deep  (16 

l)  or  a  shallow  (6  in.)  fuel  bed,  depending  upon  the  character  of  the  fuel  and 

kind  of  flame  that  is  to  be  produced. 

Common  Method  of  Furnace  Firing. — If  a  fire  has  burnt  long  enough 
%  require  replenishing,  the  grate  should  be  covered  with  a  layer  of  6  ±  in. 
«f^wing  coke.    If,  according  to  the  common  method,  coal  is  spread  over  the 
coke^  the  coal  wiQ  choke  the  air-spaces  and  the  evaporation  of  H2O  and  partial 
distillation  of  V.H-C.  will  reduce  the  temperature  to  below  560°  C,  the  ignition 
tenq)crature  of  the  gases;  the  combined  effect  is  a  large  volume  of  smoke  and 
loot  due  to  imperfect  combustion.    When  the  distillation  is  finished,  the  coke 
viD  bum  normally  as  long  as  its  depth  is  commensurate  with  the  air-supply.    If 
it  is  too  deep,  the  C  will  burn  to  CO  as  in  a  gas  producer;  if  too  shallow,  the 
combustion  will  be  satisfactory,  but  too  much  unconsumed  air  passes  through 
the  grate-^aces,  cools  the  fire  and  increases  unnecessarily  the  volume  of  waste 
gases  which,  as  it  is,  carry  away  a  considerable  portion  of  the  heat  generated. 
In  the  common  method  of  firing,  it  is  therefore  important  to  feed  little  coal  at 
a  time  and  this  at  regular  intervals;  to  spread  it  evenly  over  the  surface  (the 
fine  over  the  coarse  and  vice  versa);  to  loosen  up  caking  coal  with  the  slice- 
bar;  to  break  up  and  remove  clinkers;  and  lastly  with  natural  draft,  to  keep  the 
fire-ikxxr  c^n  as  little  as  possible.    The  inrush  of  cold  air  checks  the  draft  and 
cods  the  fire.     The  evil  of  imperfect  combustion  may  be  in  part  corrected  by 
having  air-ports  in  the  fire-bridge  or  the  roof  or  both.    Often  fireplaces   are 
purposely  made  and  run  with  a  heavy  fuel-bed,  resembling  a  small  gas-producer, 
when  the  volatile  matter  is  burnt  by  air  superheated  in  flues  passing  through 
the  walls  of  the  fireplace. 

Coking  Method  of  Furnace  Firing. — The  coking  method  of  firing.  Fig. 
205,  frequently  used  with  high-temperature  furnaces,  corrects  many  of  the  evils 
of  the  common  method.  The  fireplace,  instead  of  being  closed  by  a  door,  has 
a  sheet-iron  hopper  filled  with  coal.  The  rear  half  of  the  grate  will  be  covered 
with  half-biunt  coal  or  coke  through  which  an  excess  of  air  passes,  while  the 
volatile  matter  of  the  coal  on  the  front  half  is  being  distilled  off  and,  coming 
in  contact  with  the  superheated  air,  burnt  perfectly;  at  the  same  time  the  coal 
in  the  helper  is  being  warmed.  After  a  time,  the  front  coal  freed  from  part 
of  its  volatile  matter  is  pushed  back  and  leveled  over  the  rear  part  of  the 
grate,  and  the  front  filled  again  with  coal.  As  the  operation  takes  some  time, 
it  is  advisable  to  check  the  draft  while  it  is  being  carried  out.  The  method 
is  not  well  adapted  to  coal  with  a  high  percentage  of  readily-fusible  ash,  unless 
a  slot  at  the  side,  usually  closed  by  a  hinged  door,  is  provided  to  remove  the 
clinkers. 

Whatever  may  be  the  method  of  hand  firing,  the  changes  in  the  fuel-bed  and 
the  corresponding  variations  in  the  volume  of  air  make  it  impossible  to  obtain 
perfect  combustion.    The  best  results  are  those  in  which  the  chimney  gases  are 
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free  from  CO,  H  and  CzHy,  contain  4  to  8  per  cent.  O  and  over  13  per  ctnL  1 
CO,.' 

Feeding  fresh  coal  underneath  the  glowing  c<Ae,  down-draft  grates,*  shakint  1 
and  dumping  grates,  mechanical  stokers,'  etc.,  common  with  bculets  and  can 
according  to  recent  experiments*  a  saving  of  7  per  cent  of  fuel  over  hand  & 
are  little  used  in  metallurgical  fires,  as  with  these  the  temperatures  often  hive  1 
to  be  varied  from  low  at  the  beginning  of  an  operation  to  high  and  then  »\ 

low  toward  the  end  Rocking 
grates  to  assist  in  hreaking  up 
clinkers  are  found  here  and  thm. 
The  amount  of  coal  that  can 
be  burnt  per  sq  f  t.  of  total  grate 
area  depends  upon  the  chaiactti 
of  the  fuel,  the  area  of  air-jpaos, 
and  the  strength  (A  the  draft.  A 
square  foot  of  grate  will  buin 
per  hour  with  a  natural  draft  of 
2  in.  (water)  depression  I3  lb.  of 
coal  charged  to  a  depth  of  4  to  5 
in.;  with  forced  draft  (rf  5.5  m.  m 
(water)  pressure  and  a  bed  s  to  6  in.  thick  it  will  bum  to  30  lb.,  and 
with  higher  pressures  40  lb.  Table  138  gives  some  data  of  Gruner'  b 
regard  to  the  amounts  of  coal  burnt  per  sq.  ft.  of  grate  area  per  hr.  in  fire- 
places of  typical  reverberatory  furnaces. 

Table  138.— Coal  Burnt  pek  Square  Foot  or  Grate  Area  in  Reverberatoiv 
Furnaces 

Hand  reverberatory  roasting  furnace 3  to      8  lb. 

Agglomerating  or  lead  reverberatory  smelting  furnace ta  to    16  lb. 

Copper  reverberatory  smelting  furnace i6  to    30  lb- 
Puddling  furnace 30  to    30  lb. 

Heating  (welding)  furnace 30  to   40  lb. 

Locomotive  boilers  with  induced  draft 80  to  100  lb. 

The  subjoined  table  No.  139  by  Beckert*  gives  the  total  grate  area  and  the 
ratio  to  area  of  air-spaces  ordinarily  found  in  furnaces  for  burning  100  lb.  of 
solid  fuel  with  natural  draft. 


Flc.  ioj. — Coking  method  of  firing. 


'  CO,  Recorders:     Haslam,  S.  Wain  Inst.  Eng.,  1910,  xxvi,  i3»s;  Uehling,  Url.  Ckm. 
Eni;  1911,  K.  Jig,  656;  igi2,  X,  497;  Sarco,  Iron  Aie,  1910,  LXXKVI,  1440. 

'  Hawley  Down-draft  Grate,  Induslri-il  World,  1907,  xu,  1. 

'Cass.  Mag.,  1897-98,  xui,  311;  Eng.  Hag.,  1901,  xxm,  518,  ■jiT.Proc.  Em(.  Sec.  WtA 
Pa.,  1903-04,  X DC,  169. 

'Report,  Proc.   Thirty-srvfnih  Ann.  Com.  R'y.  itasltf  Mtckaiiks  Attoc.,  1904,  p.  36;; 
Min.  Mag.,  1Q04,  x,  14s;  Eng.  Min.  J.,  1905,  ixxx,  913. 

Randall,  D.  T.,  and  Weeks,  H.  W.,  BtUl.  373,  U.  S.  Geol.  Surv.,  Washington,  1909. 

'  Traiie  de  MftallurRic  Gen*ralc,  i,  157. 

•'■Leitladcn  zur  Eisenhiiltenkunde,"  Springer,  Berlin,  1898,  p.  104. 
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Table  139. — Rahos  of  Axsas  or  Total  Gbate  to  Aik  Space 


Total  grate 
area,  sq.  ft. 

Ratio,  grata  area: 
area  of  air  spaces 

r 

6,5109.8 
3.6to6.8 
1.3  t04,g 
3.6  to6.i 

3 
3-3 

S 

I  to  3 

1  toj 

The  Step-gsate. — This  grate,  Fig.  ao6,  consists  of  a  number  of  horizontal 
cist-iroo  plates  placed  one  above  the  other  in  the  form  of  a  step  at  an  angle  of 
40  to  50°  with  the  horizontal.  Below  the  bottom  step  is  an  ordinary  horizontal 
grate.  The  plates  rest  on  castings  or  special  forms  of  hard  fire-brick  built  into 
the  stde-walis  of  the  fireplace.  Step-grates  are  used  with  bituminous  coal 
having  no  coking  power  (sandy  coals)  and  brown  coal,  both  of  which  fall  to 


r 

/■_ 

W— -  — *— 

n 

Fic.  ao6  —Step  grate. 


Fig    107  — Langen  underfed  atep-grate. 


pieces  when  heated.  They  are  usually  run  with  natural  draft;  with  very  fine 
coal  forced  draft  has  been  found  to  be  necessary.  Roasting  furnaces  requiring 
an  even  heat  often  have  step-grates.  In  operating  the  grate,  the  fuel  is  charged 
through  a  hopper  at  the  top  which  being  kept  filled  prevents  cold  air  from  enter- 
ing the  fireplace.  The  volatile  matter  is  driven  off  at  the  upper  grates  and  burnt 
more  or  less  by  the  excess  air  passing  through  the  lower  grates  covered  with  half- 
burnt  coal.  ,  The  coal  is  gradually  worked  down  the  grate  by  the  fireman  pushing 
from  the  back,  and  completely  burnt  on  the  horizontal  grate.  Mechanical  step- 
grates,^  such  as  the  Meissner,  Roney,  Brightman,  etc.,  commonly  used  with 
btHlers,  are  occasionally  found  with  metallurgical  furnaces. 

The  Lancen  Underped  Step-grate.' — The  Langen  grate,  Fig.  207, 
differs  from  the  ordinary  form  in  that  the  grate-bars  e  are  angles  forming  the 
continuation  of  cast-iron  plates  £;  ^  is  a  horizontal  grate  and  o  a  cleaning  door. 

^Caa.  Mat;  1897-98,  xm,  311;  igog,  xxxvn,  517; /run  Age,  1908,  Lxxxn,  173,639,  771. 
*IHiiller,  Pel.  J.,   tS6o,  CLViu,  341;  Ann.  Min.,  1863,  n,  411;  other  forms:  Georgius, 
BraunkoUe,  igio,  v.ii,  805. 
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The  coal  is  fed  on  to  the  plates  g,  becomes  wanned  and  is  gradually  pushed  for- 
ward into  the  fire.  The  liberated  volatile  matter  passing  off  through  half-bunt 
coal  is  heated  to  above  its  kindling  temperature  and  burnt  by  the  excess  lit 
passing  through  the  air-spaces.  The  half-burnt  coal  gradually  glides  or  filk 
down  the  inclined  plane  on  to  the  horizontal  grate  to  be  completely  burnt,  and 
its  place  taken  by  coal  freed  more  or  less  from  volatile  matter.  Stoki 
begun  at  the  bottom.  The  grate  has  not  made  as  much  headway  as  one  would 
be  led  to  expect  from  the  principles  embodied  in  its  construction. 

Wetherill  Grate. — The  Wetherill  grate,  Fig.  208,  is  made  up  of  a  number 
of  perforated  cast-iron  plates;  it  was  devised  for  burning  fine  anthracite  culm 
with  &  forced  draft.  The  plates  are  of  varjiDg 
lengths  and  widths  (eg.,  6  ft.  long  X6  in.  wide  Xi 
in.  thick),  and  have  tapering  conical  holes,  i  in.  at 
the  top  and  1.25  in.  at  the  bottom.  The  manner  in 
which  the  grate  works  is  shown  in  the  illustration. 
The  grate  is  used  in  the  manufacture  of  zinc  white  from 
ore,  in  the  Bartlett  process  for  smelting  zinc-lead  sul- 
phides. The  European  modification  is  called  the 
Kudlicz  grate.' 

BuKNiNG  Pulverized  Fuel. — The  apparatus  used 
for  burning  pulverized  fuel  or  fuel  dust  was  discussed 
in  §107, 

15a.  Thennal  Efficiency  of  a  Fire. — The  thermal  efficiency  of  a  fire,  inde- 
pendent of  the  work  the  heat  may  have  to  perform,  is  found  by  bringing  into 
relation  the  calorific  power  of  the  fuel  with  the  losses  in  heat  due  to  C  remaining 
in  the  ashes,  to  imperfect  combustion  (CO,  CH4,  H,  soot),  and  to  the  quantity 
of  heat  carried  off  by  the  gases  through  the  chimney. 

The  following  calculation*  is  based  upon  data  given  by  Gill.*  They  are; 
composition  of  coal:  HiO  1.5,  S  1.2,  C  83.0,  H  2.5,  ash  11. 4,  0+N  0.4;  its 
calorific  power,  7,220  cal.;  temperature  of  air  25°  C;  saturation  with  moisture, 
50  per  cent.;  composition  of  chimney  gases,  COi  11. 5,  0  7.4,  CO  0.9,  SO*  n.d., 
N  (by  diff.)  8o.2,  their  temperature  275°  C;  ashes  14.4  per  cent,  with  20.83  P" 
cent.  C. 

To  find  the  volume  of  gases  produced  per  kg.  coal:  the  r44  g.  ashes  from  i 
kg.  coal  contain  144X0.2083  =  30  g.  C,  hence  only  800  g.  C  were  burnt  instead 
of  830.  The  analysis  shows  that  i  cbm.  gas  contains  0.115  cbm.  COi  and  0.009 
cbm.  CO,  each  of  which  contains  cold  0.54  kg.  C  per  cbm.,  or  i  cbm.  contains 
0.124X0.54=0.06696  kg.  C;  hence  0.8  kg.  C  form  11.95  cbm.  gas.  Of  this,  11.5 
per  cent.  (1.375  cbm.)  is  COj,  7.4  per  cent.  (0.888  cbm.)  0, 0.9  per  cent.  (0.108 
cbm.)  CO  and  80.2  per  cent.  (9.584  cbm.)  N.  The  water  vapor  in  the  gas 
per  kg.  of  coal  comes  from  0.015  ^S-  moisture  in  coal  (:  0.81)  =o.oi8  cbm.,  from 

'Oesl.  Zt.  Berg.  EUlltnw.,  igoo,  XLViii,  411;  CoU.  Guard.,  1900,  LXXX,  334. 

■  See  also  Richards,  "The  Thermal  Efficiency  of  a  Rotary  Cement  Kiln,"  /.  Am.  Cktm. 

Soc,  1904,  XXVI,  So. 

' "  Gas  and  Fuel  Ajialysis  tor  Engineers,"  Wiley,  New  York,  1913.  aS. 
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Table  140.  —Tension  and  Weight  op  Water  Vapor  in  i  cbm  saturated  at  5  to  30®  c. 


Temp. 

Tension 

Weight 

Temp. 

Tension 

Weight 

Temp. 

Tension 

Weight 

•c. 

mm. 

g. 

°C. 

mm. 

g- 

*»C. 

mm. 

g* 

5 

6.5 

6.8 

14 

II. 9 

1 
1 

12.0 

1 

!       23 

20.9 

20.4 

6 

7.0 

7.3 

15 

12.7 

12.8 

24 

22.2 

21.5 

7 

75 

7.7 

16 

13-5 

13 -6 

25 

23.6 

22.9 

8 

8.0 

8.1 

17 

14.4 

MS 

26 

25.0 

24.2 

9 

8.5 

8.8 

18 

15. 4 

15.1 

27 

26.5 

25.6 

10 

9-1 

9  4 

1         ^9 

16.3 

16.2 

28 

28.1 

27.0 

II 

98 

lO.O 

1         ''' 

17.4 

17.2 

29 

29.8 

28.6 

12 

10.4 

10.6 

1 

21 

18. 5 

18.2 

30 

31.5 

29.2 

13 

II. I 

"3 

22 

19.7 

193 

1 

1 

0.025  kg.  HX9=o.225  kg.  HjO  (:  0.81)  =0.278  cbm.  and  from  air  0.465  cbm. 
or  0.761  cbm.  in  all.  Table  140  shows  that  one  cbm.  air  at  25^  C.  satiirated 
contains  22.9  g.  water  vapor,  hence  12  cbm.  50  per  cent,  saturated  contain 
12X22.9X0.50=0.377  kg.  (:  0.81)  =0.465  cbm.  The  heat  carried  oflF  by  the 
furnace  gases  is  the  sum  of  the  products  of  each  gas  X  specific  heat  X  rise  of 
temperature  (275  —  25  =  250°  C). 


Gas 


Cbm. 


Mean  specific  heat 
25-275' 


•^c. 


Rise  in 
temp.  °  C. 


Cal. 


CO, 

O 

CO 

N 

HjO  vapor 


138 
0.888 
o.  108 
9.624 
0.761 


0-37    +0.00022t 
O- 303  +  0- 0<50027t 
o- 303+0- 000027t 

0.303+0.0000271 
0.34  +o.oooi5t 


250 
250 
250 
250 
250 


153 

69 

8 

745 
95 


1,070 


The  percentage  of  heat  carried  off  by  the  furnace-gases  is  14.8. 

Lunge^  has  devised  the  following  formula  for  calculating  the  loss  of  heat 
which  does  not  require  the  ultimate  analysis  of  the  coal: 

i.854(/'-0c+i.8s4(^^^)  {t'-ty 

In  which  Z'— /  represents  the  rise  of  temperature,  c  the  mean  specific  heat  of  i 
cbm.  COj,  k  the  percentage  of  COj,  and  cf  the  mean  specific  heat  of  i  cbm.  N. 
Applying  it  to  the  example  calculated  gives  a  loss  of  heat  = 

TOO  ^^  T  T    ^ 

i.854X2SoX(o.37+o.ooo270  +  i.854X —^X25oX  (0.303+0.000027/')  = 

ii'5 

1,312  Cal.  or  1,312X100  :  8,100=16.2  per  cent. 
^  Z.  angew,  Chem.,  1889,  p.  240. 
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The  results  obtained  are  2  to  2  1/2  per  cent,  higher  than  those  calodaUd 
iiwxw  I  he  ultimate  analysis  of  the  coal. 
Noyes*  gives  the  following  formula: 

.  100— percent.  COj^^        ^    vv>/./    .\  -     ,     , 

vo.oiiiH ^cent~CO — Xo.oo6o5)X(r— /)  =  i4-4  percent  m  the  above 

exiimple. 

153.  Apparatus  for  Burning  Liquid  FueL' — The  conditions'  to  be  fulfilled  for 
the  ironomic  combustion  of  liquid  fuel  are,  that  the  oil  shall  be  finely  divided 
(\'a)><)rized  or  atomized)  and  intimately  mixed  at  the  proper  place  with  the  neccs- 
sary  air,  and  that  the  combustion  chamber  shall  be  at  an  elevated  temperature. 
When  working  correctly,  the  flame  is  short,  clear  white,  and  no  smoke  issues 
from  the  stack;  with  imperfect  combustion,  the  flame  is  long  and  dull  red,  and 
hluck  smoke  pours  from  the  stack.  Special  provisions  have  to  be  made  if  a 
lung  flame  is  desired.  Low-temperatiu'e  furnaces  require  a  special  combustion 
chamber,  maintained  at  the  required  high  temperature  for  perfect  combustion 
of  the  oil,  from  which  flame  and  hot  gases  pass  off  into  the  furnace  to  be  heated. 
In  high-temperature  furnaces,  the  furnace  itself  forms  the  combustion  chamber. 

The  appliances^  may  be  divided  into  three  classes:  (i)  Those  in  which  theoQ 
is  vaporized;  (2)  those  in  which  it  is  sprayed  into  the  fiunace  by  purely  mechan- 
ical means,  and  (3)  those  in  which  the  spray  is  produced  by  means  of  compressed 
air  or  by  steam  or  by  both  (atomizers).  With  all  appliances  the  storage,  pump- 
ing and  piping  of  the  oil  have  to  be  considered,  and  with  the  last  two  classes, 
also  the  heating  and  filtering.^ 

The  Nobel  Vaporizer.* — ^This  was  the  first  apparatus  devised  (1885)  for 
burning  liquid  fuel.  It  is  shown  in  Figs.  209  and  210  attached  to  a  crudble 
furnace.  The  so-called  grate  consists  of  a  number  of  superposed  cast-iron 
pans.     The  oil  (residuum,  masut)  is  fed  from  an  overhead  tank  into  the  top 

^  Am.  Chem,  /.,  1897,  xix,  162. 

*  Hodgets,  £.  A.  B.,  ''Liquid  Fuel  for  Mechanical  and  Industrial  Purposes,"  Spone, 
London,  1890. 

Lew,  I.,  "Die  Fcuerungen  mit  Fliissigen  Brennmaterialien,"  Cotta,  Stuttgart,  189a 
"Production  and  Use  of  Petroleum  in  California,"  BnU,  No.  32,  State  Mineralogist,  Sacra- 
mento, Cal.,  1904.  "Oil  Fields  of  the  Texas-Louisiana  Gulf  Coastal  Plain,"  BuU,  No.  212, 
U.  S.  Gcol.  Survey,  Washington,  1900,  p.  162.  Report,  U.  S.  Naval  Liquid  Fuel  Board, 
Washington,  1904. 

B(X)th,  W.  H.,  "Liquid  Fuel  and  its  Apparatus,"  Constable  &  Co.,  London,  191 2. 

Ulrich,  Iron  Trade  Rev.,  1909,  xuv,  1038. 

itiMT^uSfBraunkohlt',  lyio,  ix,  O13. 

Butler,  Kng.  Rev.,  191 1-12,  xxv,  168,  243,  325. 

Schiel,  Siahl  u.  Eisen,  1908,  xxxviii,  1215. 

*  Best,  Eng.  and  Min.  7.,  1904,  Lxxvii,  771. 

*  Orde,  Cass.  Mag.,  1901,  xx,  tn\  Eng.  Mag.,  1901,  xx,  779. 
Winkd,  Herg.  Ilmentn.  /.,  i'903,  LXii,  301,  337,  361,  373,  385. 
l^ttUtTrnim,  Gliic.k  Auf,  1905,  xu,  1405,  i443- 

*  Burt  Oil  Filter,  Iron  Age,  1909,  Lxxxrv,  767. 

*.SlM  u.  Eisrn,  1900,  XX,  425;  Thon.  Ind.  Z.,  1900,  xxiv,  1163;  1906,  xxx,  1949;  C'«J. 
M'lg^,  i^M  04,  xxv,  71;  Milwaukee  type,FaMfi</ry,  i9i2,XL,339;Oil  Furnace  &  Engineering 
i'.i}.,  Eng.  Min.  J.,  1912,  xcrv,  122. 
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pan;  an  overflow  ppe  in  each  pan  carries  the  excess  tnl  to  the  next  lower  pan, 
and  from  the  lowest  the  excess  flows  into  a  lower  receiving  tank,  the  contents  of 
which  are  pumped  into  the  upper  distributing  tank.  In  starting,  the  pans  are 
filled  with  <ul;  a  fire  is  made  in  chamber  A ;  the  vaporized  oil  is  carried  into 


Figs,  109  and  110. — Nobel  vaporiMr, 


the  chamber  by  air  drawn  in  between  the  pans  and  burnt  completely  by  addi- 
tional air  entering  through  a  port  at  the  top  regulated  by  the  damper  G.  The 
hot  gases  zig-zag  through. the  three  chambers,  each  of  which  holds  a  single 
crudble  or  a  pair  of  crucibles;  sometimes 
two  to  three  single-crudble  chambers  are 
ounbined'  to  a  block  for  the  better  utiliza- 
ti<M>  of  the  heat.  The  temperature  in  the 
first  crucible  chamber  reaches  1,800°  C. 
One  sq.  ft.  of  oil  surface'  will  vaporize  in 
a  cnicible  furnace  about  34  lb.  of  oil  per 
hr.;  in  a  boiler  t  lb.  oil  will  evaporate  14.5 
lb.  water.  The  vaporizer  was  used  at 
Worcester,  Mass.,  for  making  Mitis  cast- 
ings, and  in  New  Jersey  for  smelting  nickel. 
It  is  in  operation  in  Europe  in  ceramic 
[dants. 

The  Kbcseli.  Vaporizer,'  Fig.  211, 
rq>re3ents  another  method  of  vaporizing 
and  burning  oil.  This  is  stored  in  a  tank 
M,  passes  into  the  distributing  pipe  R 
and  through  a  number  of  feed  pipes  k, 
into  funnels  c  connected  by  U-tubes  with 
0.5  in.  dripping  pipes  a.  The  oil  drip- 
ping intothegeneratorC(i,2oo°C.)  strikes 
the  hot  fire-clay  tile  t,  is  vaporized  and 
burnt  by  air  which,  heated  by  the  waste 
gases,  arrives  through  flue  p  and  enters  the  generator  through  ports  r  and  s; 
the  flame  passes  over  the  fire-bridge,  E,  built  near  the  roof,  and  then  on  to 
the  hearth  of  the  furnace.    The  door  q  serves  to  start  the  furnace  and  to  re- 

>0<tf.  Zt.  Btrt.  Bmiena.,  i(}oi,  xux,  56S;  Eng.  and  Min.  J.,  igot,  ucxi,  435;  Ctiick  auf, 
1905,  xu,  1443- 


11. — Ktusell  vaporizer. 
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move  any  coke  that  may  adhere  to  the  tile  I.  In  starting,  kiiKlling  b  f-l 
nitcd  on  tile  /  and  oil  allowed  to  drop  on  to  the  fire;  In  i  to  1.5  hr.  tkf«-' 
nace  will  have  reached  its  normal  temperature.  The  height  <rfdrcipic(ttt' 
oil  is  about  5.3  ft.,  and  the  capacity  of  the  generator  0.31  cu.  ft  palh.rf| 
oU  to  be  ga^ed  per  hr.  In  a  reverberatory  smelting  furnace  i  lb.  (rf  dlla 
been  found  to  do  the  work  of  3  lb.  of  coal. 

Regeneratoks  as  Vafokizers.' — Vaporization  methods  <rf  burning  d 
have  been  used  in  conaection  with  furnaces  having  regenerative  chunbcn^ 
.  and  perhaps  still  are  in  some  instances,  but  they  suffer  from  the  depoationri 
oil-coke  upon  the  checker-work  the  calorific  value  of  which  is  lost  whenitii 
burnt  out  by  the  waste  gases  passing  through  the  chambers.  An  improvontri 
on  the  ordinary  method  is  to  vaporize  the  oil  in  a  separate  furnace;  to  pomp  tk 
vapor  into  an  accumulator,  from  which  it  is  delivered  under  a  pressure  (^  7;  to 
100  lb.  into  a  Korting  mechanical  sprayer  (see  below)  inserted  into  the  adedi 
regenerator  near  the  bottom;  a  small  admixture  of  air  bums  off  any  C  d^Msted 
on  the  checker-work.  By  this  method  the  consumption  Of  residuum  dl  in  1 
10  to  15  ton  open-hearth  furnace  was  found  to  be  18  to  ao  per  cent  ra  tk 
weight  of  the  steel  produced. 

Mechanical  Sphayinc  of  Oil, — The  6rst  mechanical  burner  (forsunki)  ii 
probably  that  of  K<5rting,  shown  in  Fig.  213,  in  which  oil,  heated  in  a  tubnlu 


-On'sinal  KJining  mechanical  burner. 


ic.  113. — ^ray  from  K6rt- 
ing  medunicAl  buner. 


Ixiiler  to  90°  C.  and  purified  by  filtering,  is  pumped  under  a  pressure  of  70  to 
120  lb.  through  a  tapering  screw-thread  to  the  spraying  orifice  ranging  from 
0.04  to  0.12  in.  diam.  The  spray  formed  by  the  oil  under  the  combined  effect 
of  jircssurc  and  the  centrifugal  action  of  the  screw  guide-blades  is  sho«-n  in  Fig. 
2 1 ).  M(;(:hanical  sprayers  require  a  large  excess  of  air  for  perfect  combustion. 
TfK-y  have  the  advantages  of  simplicity  and  noiselessness,  and  are  used  in  ships 
where  the  loss  of  fresh  water  or  the  space  occupied  in  the  engine-room  by  Ok 

■  SlaUu.  JCixen,  xvi,  Q151  1900,  XX IV,  42^;  Berg.  HiOleHm.  Z.,  1903,  um,  374; atck  Ai^, 
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I  compressor  makes  atomizing  expensive.  One  pound  of  oil  has  been  fountl  to 
I'Cvaporate  12  to  16  lb.  water  at  100°  C.  and  do  the  work  of  7  to  10  lb.  of  coal. 

Atomizing  Oil. — An  atomizer  should  break  the  oil  into  the  finest  drops 
I  with  the  least  consumption  of  steam  or  air;  it  should  be  easy  to  instal  and  ope- 
I  rate,  which  includes  regulation,  examination,  cleaning  and  exchange  of  parts. 
J  Both  steam  and  air  are  used  for  atomizing;  the  choice  depends  much  upon 
I  the  available  air-pressure  and  the  form  and  size  of  furnace  to  be  heated.     With 
low  pressures  (2  to  10  lb.},  air  is  more  economical'  than  steam;  with  high  pres- 
sures (>  10  lb.)  steam  is  more  economical;  for  the  same  effect,  the  pressure  of 
air  has  to  be  higher  than  that  of  steam.     Steam  reduces  the  temperature  of  the 
fiame  near  the  burner,'  as  decomposition  absorbs  heat,  but  the  combustible 
gases  burn  further  on  in  the  furnace  and   thus  produce  a   long  flame.*  Air 
requires  pre-heating  of  oil  or  of  air  or  of  both  to  make  the  oil  mobile;  with 
Bteam  this  is  not  necessary,  but  the  steam  must  be  dry.     In  either  case  the 

■  temperature  of  the  oil  should  not  exceed  80  to  100°  C.  as  otherwise  parts 
tbegin  to  be  volatilized.  A  combination  of  steam  and  air  is  being  used, 
I  but  the  results  have  so  far  not  been  decidedly  favorable.     With  low- temperature 

■  furnaces  steam  is  more  common  than  air;  with  high-temperature  furnaces  air 

I  usually  given  the  preference;  with  regenerative  furnaces,  the  nozzles  of  the 

iburners  are  frequently  water-cooled. 

Atomizing  burners  have  been  classed'  under  five  heads  as  follows: 

(i)  Drooling  Oil  Burners,  Fig.  214. — The  oil  oozes,  drools  out  at  the 

I  orifice  over  and  on  toaflaring  jet  of  steam  which  expands  within  the  layer  or  film 


— Droolinf;  u 


I 


of  on  as  this  is  being  carried  into  the  combustion  chamber.  Although  ap- 
parently crude,  the  method  is  giving  satisfactory  results.  The  Booth  oil 
burner,  Fig.  215,  represents  this  type.  It  is  used  extensively  on  the  Atchison, 
Topeka  and  Santa  F^  railway  system.  A  similar  burner  is  in  operation  in 
Southern  Russia.' 

{2)  Atomizer  Burners  Proper,  Fig.  216. — The  orifice  of  the  oil-delivery 
pipe  is  placed  at  an  angle  to  the  steam-  or  air-pipe,  the  stream  of  which  impinges 
upon  the  oil  and  sprays  it  into  a  fine  mist,     This  class  of  burners  is  the  most 

Comfnssed  Air,  T9a4'OS>  "f ,  3315. 

Campbell,  H.  H.,  "The  Manufacture  and  PropcrUcs  of  Iron  and  Steel,"  New  York, 
l(»i,  p.  *4fi- 

'  ExAmpl«3  of  Oil-furnaces;  Crane.  Eng.  and  Min.  J.,  1803,  uvi,  644;  Brent,  /.  Can.  Min. 
Itul.,  1901,  V,  188;  Bell,  Cass.  Mat.,  1903,  xxv,  70;  Ropp,  J/ih.  St.  Prest,  1901,  ixxxv,  joSj 
£■1.  and  Win.  /.,  1903.  ixxv,  81. 

"U.  S.  Liquid  Fuel  Board,"  1004,  p.  318. 

SlakI  u.  Eiscn,  1900,  xx,  418. 
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common.  The  Best  oil  burner,'  Fig.  317,  correqwnds  closdy  to  thedugru'  I 
made  sketch,  except  that  the  atomizer  opening  is  above  the  oil-supi^y  pasngt  I 
The  suction-effect  of  the  atomizer  is  supposed  to  prevent  the  odlection  of  solid  ] 


icdt  oil-burner 


matter  in  the  oil  orifice.     The  figure  shov\-s  the  burner  to  be  of  the  slot  design. 

The  Ph'K  oil  murker,  KiR.  2i3,  represents  a  very  simple  and  common  form. 
The  size  of  the  nuzzle  ol  Uio  outer  pipe  is  of  leading  importance;  it  is  usually 

'  £hj.  and  J/in,  .'.,  lyoj,  lAXi,  771:  Iron  A[t,  igoS,  uoocii,  104. 


made  3/16  to  1/4  in.  in  diam.  at  first  aad  then  reamed  out  from  time  to  time 
until  the  best  results  are  obtained. 

The  Williams  buknes,  Fig.  219, 19  constructed  for  steam  as  an  atomizer 


■while  heated  air  is  drawn  in  and  mixed  with  the  atomized  oil.    The  oil  enters 
vertically  through  b  and  is  imder  control  of  cock  c,  regulated  by  handle  tf;  steam 


BttrliOBUl  Hactlon  thnadi 


Fig.  2ig. — Williams  oil-bumer. 

enters  at  e,  flows  through  the  conical  opening/,  regulated  by  hand-wheel  g,  and 
atomizes  the  oil  as  it  fiows  between  the  vertical  flanges  h;  air  heated  by  the 
waste  gases  is  drawn  in  through  the  opening  i. 


Fig.  J30. — Reed  oil-biwner. 


The  Reed  busner  Fig.  220,  is  also  intended  lor  the  combined  use  of  steam 
and  air.  The  oil-pipe  is  3/8  in.  diara.;  the  size  of  the  opening  through  which  the 
atomizing  steam  is  to  flow  from  the  chamber  A  is  regulated  by  turning  the 
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skew  B  and  thus  moving  the  casting  C;  a  limited  amount  of  air  is  admitted 
through  Ei 

Tar  burners*  are  usually  atomizers. 

^;>  Chamber  Oil  Burners,  Fig.  221. — Oil  and  steam  (air)  are  more  or  less 
miDgied  inside  the  body  of  the  burner;  the  mixture  passing  out  from  the  node 


OBA 


Fig.  221. — Chamber  oil-bumer. 


b  r^dly  broken  into  small  particles  by  the  sudden  expansion  of  the  steam  (air). 
Tb*  Haj^es  oil  burner,  Fig.  222,  represents  a  simple  form  of  this  type.  Another 
e!UkRi|>)e  b  the  Billow^  burner  used  at  Maurer,  N.  J.,  for  heating  retorts  in 


?...?  M  M  f  M 


in. 


Fig.  222. — Hayes  oil-burner. 


vtti^ltUtlUI  ulnc-Hilvcr-lead  crust,  and  the  Kirkwood'  burner  used  in  open-hearth 

\^  iNjicrroR  Burners,  Fig.   223. — This  t>T)e  resemble  in  principle  the 
(ujl^lvmi  uhihI  for  feeding  boilers.    The  steam  passing  through  the  injector 


Fig.  223. — Injector  oil-burner. 

t^vl^H  Um»  oil.  inln«lo»  with  it  in  the  cone-shaped  passage  and  forces  the  mixture 
vulH^^hl  OuoumI*  tho  reversed  flaring  cone  with  considerable  velocity.    This 
V  ^  \\(  V\\\  i^«^«*  •»"'*  l>«*^'<>"^c  a  standard  in  Southern  Russia.    Fig.  224  represents 
V  Hs^^^M^iimw.   \m.  A//r.  ixnd  Iron  World,  1899,  ucvi,  546. 
^\v\k  ^^••^  '^'•'♦^  •^'•**"  ^^^'  ^^^^'  ^^' 

S^M  '••^  ^^'♦♦'  '*•  **'**''•  ixxxiii,  84. 
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:  burner  of  the  Pennsylvania  RaUroad,  which  is  a  modification  of  the  Urqu- 
rt  (Russian)  burner.  Other  enamples  are  the  Shelby  burner  of  Cananea* 
d  the  Spur  burner  used  in  open-hearth  furnaces. 

(s)  Pkojector  BnsNERS,  Fig.  22$. — The  oU  is  pumped  to  the  orifice  and 
en  caught  and  blown  from  this  by  a  passing  jet  of  steam.     In  the  Oil  City 


Oil  City  oil-burner. 


'BTTKNEK,  Fig.  226,  a  hoIlow  jet  of  Steam  converges  upon  the  stream  of  oil 
bin  a  funnel-shaped  bell  from  which  the  mixture  is  ejected  giving  a  wide  and 
rt  fiaroe  (the  so-called  rose-flame).  Another  example  is  the  Kittle  burner.' 
oocix,  31;  XX,  Editor,  /ran  A^e,  1909,  lxxxiii,  731. 
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(6)  Form  of  Flame. — ^The  form  of  flame  that  these  five  classes  of  burners 
can  throw  depends  upon  the  form  of  the  tip.  Thus  with  simple  circular 
openings  a  conical  flame  will  be  formed;  with  oblong  openings^  the  flame 
is  flat;  with  ring-shaped  openings,  fan-tailed;  with  concentric  slots,  ro6^ 
form.  The  form  of  spray  from  a  conical  opening  can  be  furth^  modified  by  a 
cone  reaching  into  the  nozzle,  by  a  sharp  edge  or  an  inverted  cone  from  the  out- 
side, and  other  devices. 

154.  Working  of  Oil,  Coal  and  Coke  Compared.' — ^According  to  a  series  of 
tests  carried  on  by  Felton*  at  the  Pennsylvania  Steel  Works,  Stedton,  Pa,, 
using  the  Archer^  gas-fuel  producer,  there  were  required,  for  heating  14-in.  ingots, 
six  to  a  charge,  in  two  Siemens  heating-furnaces,  6.5  gal.  oil  per  ton  of  bloom; 
for  smelting  pig,    scrap  and  ore  charges  in  a  30-ton  open-hearth  furnace 
48  gal.  per  ton  of  ingot,  and  in  a  5-ton  furnace   50  to  55  gal.;  in  gen- 
erating steam  in   two  100  h.p.  tubular  boilers  with  feed  water  at  70^  C, 
12  lb.  water  were  evaporated  per  lb.  oil.    The  Archer  producer  consumed 
0.50  to  0.75  lb.  pea  coal  per  gal.  oil.    Potter's  records^  of  tests  made  at  the 
South  Chicago  steel  works  with  14  tubular  boilers,  16X5  ft.,  showed  that  3.22 
to  3.31  barrels  (@  31.5  gal.)  were  equivalent  to  i  ton  of  Indiana  block  coal. 
Billings^  found  that  in  puddling  with  a  furnace  in  good  working  order  i  gal.  oil 
was  required  per  ton  of  puddled  bloom.     Campbell*  states  that  in  regenerative 
furnaces  and  under  boilers  50  gal.  oil  will  do  the  work  of  1,000  lb.  of  soft  coal. 
Richmond-Hamilton^,  in  melting  zinc  precipitate  from  the  cyanide  process, 
found  that  for  1,000  oz.  precipitate,  4.46  gal.  burned  in  2.25  hr.,  were  equal 
to  93  lb.  coke  in  3.40  hr.    Young^  in  heating  an  assay  muffle,  foimd  that  the 
consumption  of  25  lb.  good  or  34  lb.  inferior  coal  per  hr.  was  balanced  by  2.75 
gal.  of  oil  of  24°  Be. 

155.  Apparatus  for  Burning  Gaseous  Fuels.* — In  order  to  bum  gaseous  fuel 
successfully,  it  is  essential  that  gas  and  air  be  intimately  mixed  and  that  the 
kindling  temperature  of  the  gas  be  maintained  in  the  space  where  the  gas  is  to 
be  burnt.     There  are  two  methods  of  mixing  gas  and  air. 

(i)  They  are  dix-ided  into  a  number  of  small  parallel  or  slightly  converging 
jets  traveling  in  the  same  direction.  When  they  issue  from  the  nozzle  of  the 
burner,  they  become  well  mixed  on  account  of  the  large  contact  surfaces.    The 

*  Hamilton,  "The  Use  of  Oil  for  Smelting,"  Eng.  and  Min.  /.,  191 1,  xci,  224. 

*  Tr.  .-1.  /.  Xf,  /•:.,  iSSo-tjo,  x\ii,  Soo. 

'  Km.C.  and  Min.  7.,  1800.  XLix,  250.  ^^S. 

*  />.  .4.  /.  M,  /•:.,  1SS9-90,  XVII.  S07. 
*(>/».  W/..  p.  S08. 

*  "The  Manufacturr  and  Pn>perties  of  Iron  and  Sled,"  New  York,  1903,  p.  247. 
^  \ftnts  ond  Minerals,  1007.  XWii,  370. 

*  Min,  S*\  rress,  1007.  xoiv,  700. 

•l.e\lebur.  A.,  "Die  da^ieuerungen  fiir  Metallurgische  Zwccke,"  Feliz,  Ldpsic,  1891. 

Tuts^h.  A.,  "iiasfeucrungon.'  Scydel,  Berlin,  iSSo;  "Neuc  Gasfeucrungen,"  Simon, 
Berlin.  iSSS;  "Neuenc  i»as-  luul  Kohlensiaub-leueningen."  Simon,  Berlin,  1899  (tr.  by  C. 
Saller\  Von  Nostr,And.  New  York.  looi. 

Steinnunn,  V  .  "  c\>mi>endium  der  Oasfeuening,**  Felix,  Leipsk,  1900. 
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more  intimate  the  mixture,  the  higher  will  be  the  temperature  at  the  meeting 
point  and  the  shorter  the  flame.  The  method  should,  therefore,  be  applied  to 
small  fireplaces,  such  as  forges,  annealing  ovens,  muffles,  crudble  furnaces,^ 
etc.  Here  the  efficiency*  with  producer  gas  is  75  per  cent.;  with  petroleum  30 
per  cent.,  and  with  solid  fuel  20  per  cent. 

(2)  They  are  admitted  into  the  combustion  chamber  in  the  form  of  parallel 
or  slightly  converging  sheets  through  oblong  ports.  These  are  placed  either 
side  by  side,  in  which  case  a  gas-port  will  have  on  either  side  an  air-port,  or 
above  one  another,  in  which  case  the  air-ports  will  be  placed  above  the  gas- 
ports,  as  the  gas,  being  lighter,  has  a  tendency  to  rise.  Occasionally  air  is 
admitted  both  above  and  below  the  gas.  It  is  advisable  to  have  air  and  gas 
travel  at  a  different  speed,  as  the  friction  between  the  two  bodies  favors  mixing; 
usually  the  velocity  of  the  gas  is  kept  greater  than  that  of  the  air.  This  method 
of  mixing  will  be  used  in  reverberatory  furnaces  requiring  a  long  flame,  the 
length  of  which  is  governed  in  part  by  the  inclination  of  the  gas-  and  air-flues. 
In  a  Siemens  open-hearth  furnace  (§325)  where  the  flame  has  to  travel  30  ±  ft. 
the  indination  will  be  less  than  in  a  Siemens  crudble  furnace  where  the  distance 
is  2  ft.  and  less. 

Kindling  Temperature. — ^The  kindling  temperature  of  gaseous  fuel  is 
about  650°  C.  With  gas  and  air  at  ordinary  temperature,  the  combustion  is  slow 
and  likely  to  be  imperfect  on  accoimt  of  the  slow  speed  of  the  flame;  this  is  espe- 
cially the  case  with  producer  gas  or  iron  blast-furnace  gas  containing  70  per  cent, 
inert  gases.  The  speed  increases  with  the  temperature,  and  combustion 
becomes  almost  instantaneous  at  the  kindling  temperature.  For  high  tempera- 
tures it  is  therefore  necessary  that  gas  and  air  be  heated  separately;  heating  a 
mixture  would  cause  an  explosion.  If  the  furnace  chamber  is  at  an  elevated 
temperature,  i,ooo-h*^  C;,  as  e.^.,  in  zinc,  copper,  iron,  etc.,  smelting  furnaces, 
the  walls  will  radiate  enough  heat  to  raise  gas  and  air  to  the  kindling  tempera- 
ture; if  the  temperature  is  low  (below  600**  C),  as  in  some  heating  ovens  and 
especially  boilers,'  there  will  have  to  be  provided  a  small  combustion  chamber 
i&Ued  with  checker- work  which,  first  brought  to  the  kindling  temperature  of  the 
gas,  will  heat  gas  and  air  and,  causing  quick  combustion,  maintain  the  small 
chamber  at  or  above  the  kindling  temperature;  the  products  of  combustion  then 
will  pass  into  the  large  furnace  chamber  and  keep  this  at  the  desired  low  tem- 
perature. Cool  producer  gas  and  iron  blast-furnace  gas  used  to  be  always  heated 
to  the  kindling  temperature  by  conducting  them  over  a  fireplace  on  the  grate 
on  which  fuel  was  burning;  at  present,  at  least  with  heating  stoves  they  are  led 
into  a  hot  combustion  chamber  containing  more  or  less  checker-work.  Thus, 
in  case  the  gas  gives  out  momentarily  or  the  supply  is  accidentally  insufficient 
to  furnish  a  flame,  the  coal  fire  or  the  combustion  chamber  will  maintain  the 
heat  necessary  to  ignite  the  gas  when  it  arrives  again  in  sufficient  quantity  and 
thus  prevent  explosions  from  occurring.    The  auxiliary  fireplace  of  gas-fired 

^Loomis,  Tr.  A.  I,  M.  £.,  1890-91,  xdc,  995. 

'Reichhelm,  Am,  Machinist^  1895,  xviii,  21. 

'Rowan,  CoU.  Eng.,  1889-90,  x,  52,  88,  114,  126  and  150. 
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boilers  has  the  advantage  that  in  case  of  prolonged  disturbances  of  the  iron 
blast-furnace,  steam  can  be  maintained  independently.  Hot  producer  gas 
kindles  readily  when  it  comes  in  contact  with  superheated  air;  water  gas,  as  a 
rule,  is  not  superheated,  but  the  temperature  of  the  air  is  raised. 

Air  Supply. — ^The  air  supply  for  gaseous  fuel  must  be  carefully  regulated; 
the  excess  air  is  about  lo  per  cent,  when  gas  and  air  have  been  superheated  It 
is  larger  when  this  is  not  the  case. 

Preheating. — Preheating  of  gas  is  discussed  in  §321.  The  details  of  the 
apparatus  used  for  burning  gas  in  metallurgical  furnaces  are  so  closely  connected 
with  the  preheating  (Boetius,  Bicheroux,  Ponsard,  Siemens,  Piitch  .  .  .)  that 
they  will  be  treated  in  connection  with  that  subject  (§§321-325). 

156.  Working  of  Industrial  Fuels  Compared. — ^Tests  made  by  Livingston^ 
in  a  double-deck  tubular  boiler  15X5  ft.  to  ascertain  the  relative  values  of  solid, 
liquid  and  gaseous  fuels  showed  that  i  lb.  anthracite  evaporated  9.70  lb.  water 
from  and  at  100°  C;  i  lb.  bituminous  coal  10.14  lb.;  i  lb.  fuel  oil,  36^  B6, 16.48 
lb.,  and  i  cu.  ft.  gas  (obtained  by  distillation  of  oil)  of  20  C.P.  (equal  in  calorific 
power  to  natural  gas  or  coal  gas  of  same  C.P.)  1.28  lb.  of  water.  A  second  set 
of  tests  by  Reichhelm^  with  small  furnaces  showed  that  in  regular  work,  repre- 
senting 1,000,000  heat  units = 400,000  Cal.;  the  same  amount  of  metal  would  be 
melted  by  150  lb.  coal;  10  gal.  crude  petroleum;  4.52  gal.  naphtha  (as  gas);  9,000 
cu.  ft.  producer  gas;  7,000  cu.  ft.  mixed  producer  and  water  gas;  4,250  cu.  ft 
water  gas  (coke);  3,533  water  gas  (bit.  coal);  2,030  cu.  ft.  carbureted  water  gas; 
1,960  cu.  ft.  coal  gas  (20  C.P.);  1,922  cu.  ft.  gasoline  gas,  or  1,333  cu.  ft.  natural 
gas.    . 

^  Proc,  Eng,  Clubf  Phila.j  1892,  dc,  82. 
*  Am.  Machinist^  1895,  xviii,  22. 


CHAPTER  VII 

REFRACTORY  MATERIALS* 

157.  In  GeneiaL — ^Tbe  ideal  refractory  material  is  one  that  resists  heat, 
sudden  change  of  temperature,  pressure  and  chemical  combination,  and  is  at 
the  same  time  a  poor  conductor  of  heat  and  electricity.  No  material  exists 
which  meets  all  these  requirements.  The  inner  walls  of  furnaces  should  be  built 
of  materials  adapted  to  resist  the  destructive  effects  of  the  processes  that  are 
being  carried  on.*  The  outer  walls  usually  are  of  non-refractory  red  brick,  and 
the  whole  is  ironed  to  meet  expansion,  when  the  furnace  is  heated,  and  to 
strengthen  the  structure. 

Refractory  materials  are  mainly  composed  of  AI2O3.  xSi02,  SiOj,  AI2O8,  CaO, 
MgO,  Fe«Oy  — CrxOy,  C  and  metal.  With  the  exception  of  the  last,  every 
one  of  these  constituents  by  itself  is  infusible  in  ordinary  metallurgical  furnaces, 
but  becomes  more  or  less  fusible  in  contact  with  others.  Most  of  them  are 
mechanically  so  weak  as  not  to  be  suitable  as  a  building  material.  In  order 
that  they  may  resist  change  of  temperature  and  pressure,  it  is  necessary  to  mix 
refractory  substances,  if  they  do  not  occur  already  mixed  in  nature,  and  bear  the 
consequences  of  diminished  refractoriness.  As  acid  materials  in  contact  with 
basic  readily  form  slags,  it  is  advisable  to  have  acid  materials  (quartzite,  ganis- 
ter,  silica  brick,  etc.),  for  acid  processes,  and  basic  (magnesite,  dolomite  brick, 
etc.)  for  basic.  Between  these  two  come  the  so-called  neutral  materials  (fire- 
clay, chromic  iron  ore,  carbon,  metal,  etc.)  suited  for  both  acid  and  basic  pro- 
cesses and  therefore  frequently  used,  especially  fire-clay  and  water-cooled  metal. 
Formerly  siliceous  refractory  materials,  such  as  quartzite,  granite,  mica-schist, 
were  used  quite  generally  in  the  natural  state;  at  present  most  refractories  arc 

*  Percy,  J.,  "Fuel,  etc.,"  Murray,  London,  1875,  PP*  87-154.  \ 

Sexton,  A.  H.,  "Fuel  and  Refractory  Materials,"  Blackie  &  Son,  Manchester,  1909. 

Bischof,  C,  and  Kaul,  H.,  "Die  Feuerferten  Tone,"  Quandt-HUndel,  Leipsic,  1904. 

Bischof,  C,  "  Gesammelte  Analysen  der  in  der  Tonindustrie  benutzten  Materialien,  etc.," 
Quandt-H^del,  Leipsic,  1901. 

Wernicke,  F.,  "Die  Fabrikation  der  Feuerfesten  Steine,"  Springer,  Berlin,  1905. 

Kerl,  B.,  Cramer  £.,  and  Hecht,  H., "  Handbuch  der  Gesammten  Thonwaarenindustrie," 
Vieweg,  Brunswick,  1907. 

Werner,  P.,  "Die  Feuerfeste  Industrie,"  Hartleben,  Vienna,  191 1. 

Granger,  A.,  "Fabrication  et  Emploi  des  Mat6riaux  et  Produits  R6fractaires,  etc.," 
Beranger,  Paris,  19 10. 

Havard,  F.  T.,  "Rdractories  and  Furnaces,"  McGraw-Hill  Book  Co.,  New  York,  1912. 

Baraduc-Muller,  Rev,  MH.,  1909,  vi,  701;  Thonind,  Z.,  i9ii,xxxv,  794;  Metallurgie,  1910, 
vu,  314. 

*  Harbison-Walker,  "Refractories  Suited  fof  Dififerent  Types  of  Furnaces,"  Irdn  Trade 
Rev.,  1909,  XLiv,  108. 

Blasberg,  Staid  u.  Eisen,  19 10,  xxx,  1055;  Met,  Chem,  Eng,,  1910,  vin,  475. 
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first  molded  into  bricks;  in  some  cases  fire-resisting  materials  are  crushed  to  sand- 
size,  and  then  either  rammed  or  burned  in  place  to  constitute  the  woddng- 
bottom  of  a  furnace.  Refractory  materials,  when  mined,  have  to  be  subjected 
to  some  preparatory  mechanical  treatment  before  they  can  be  mdded  into 
bricks.  The  general  operations  of  hand-sorting,  crushing,  screening,  washing, 
drying,  calcining,  mixing,  molding  and  baking  are  more  or  less  common  to  all 
of  them;  they  differ  in  detail  with  the  several  materials. 

158.  Fire-clay  and  its  Properties.^  Constitution  and  Fusibility.— Fire- 
clay is  essentially  a  fine-grained  mixture  of  a  hydrosilicate  of  alumina,  and  frag- 
ments of  other  minerals,  which  possesses  some  plasticity  when  wet,  becomes  hard 
and  rock-like  when  burnt  at  a  red  heat,  and  does  not  melt  before  S^er  cone  No. 
26(1 ,580°  C).  Kanolt'  found  the  mean  melting  point  of  41  samples  of  fire-brick 
at  1,649*^  C;  other  experiment^  by  Ruff-Goecke.'  The  leading  associate  min- 
eral is  quartz;  in  addition  there  are  usually  present  small  amoimts  of  feldspar, 
mica  and  other  silicates,  iron  oxides,  titanic  acid,  3ome  coUoidal  material  and 
organic  matter. 

Kaolinite. — ^The  common  hydrosilicate  of  alumina  is  kaolinite^  (AlfO^2Si0l 
+H2O;  Si02  46.3,  AI2O3  39.8,  H2O  13.9  per  cent.);  other  hydrosilicates,  such  as 
halloysite,  pholerite,  allophane,  etc.,  often  replace  kaolinite  more  or  less.  Kao- 
linite is  often  called  the  "clay-base"  or  "clay-substance,"*f.^.,  that  part  of  the 
clay  which  is  decomposed  \^th  hot  solutions  of  H2SO4  and  NasCOs.  When 
pure,  it  is  a  white,  soft  (hardness  2.0  to  2.5),  light  (sp.  gr.  2.2  to  2.65),  compact, 

*  Branner,  J.  C,  "  BibliograjAy  of  Clay  and  the  Ceramic  Arts,"  published  by  Ameri- 
can Ceramic  Society,  Columbus,  O.,  1907,  pp.  451.  Bischof,.  op,  cU,  Ries,  H.,  "Clays, 
their  Occurrence,  Properties  and  Uses,"  Wiley,  New  York,  second  edition,  1909.  Ro- 
land, P.,  "  Die  Tone,"  Hartleben,  Vienna,  1909.  Wernicke,  op.  cU.  Granger,  op.  cU.  Ann. 
Reports f  U.  S.  Geol.  Surv.  "Mineral  Resources,"  since  1882.  "The  Mineral  Industry," 
since  1892.  Reports  of  the  several  states.  The  leading  ones  are:  Cook,  G.  H.,  Geol.  Surv.  of 
N.  J.,  "  Report  on  Clay  Deposits,"  Trenton,  1878.  Ries,  H.,  Geol.  Surv.  of  N.  J.,  "  Clay  In- 
dustry," Trenton,  1904.  Orton,  E.,  Jr.,  Geol.  Surv.  of  O.,  voL  vn*,  "Clay  Working  In- 
dustries," Columbus,  1893.  Wheeler,  H.  A.,  Geol.  Surv.  of  Mo.,  "Clay  Deposits,"  Jefferson 
City,  1896.  Blatchley,  W.  S.,Dept.  of  Geol.  and  Nat.  Res.  of  Ind.,  Twentieth  Ann.  Rep.,  "A 
Preliminary  Report  on  the  Clays  and  Clay  Industries,"  Indianapolis,  1896;  Twenty-second  Ann. 
Rep.y  "The  Clay  and  Clay  Industries  of  Northwest  Ind.,  1898.  Hopkins,  T.  C,  "Clays  and 
Clay  Industry  of  Pa.,"  Pennsylvania  State  College,  1897.  Buckley,  E.  R.,  Wise  GeoL  and 
Nat.  Hist.  Surv.,  Bull.  No.  7,  "The  Clays  and  Clay  Industries  of  Wise,"  Madison,  1901. 
Beyer,  S.W.,  and  Savage,  T.  E.,  Iowa  Geol.  Surv.,  vol.  xiv,  "Technology  of  Clays,"  Des 
Moines,  1904.  Ladd,  G.  E.,  Geol.  Surv.  of  Ga.,  Bull.  No.  6,  "Preliminary  Report  on  a  Part 
of  the  Clays  of  Ga.,"  Atlanta,  1898.  Ries,  IL,  Bull.,  N.  Y.  Sute  Museum,  "Clajrs  of  N.  Y.," 
Albany,  1900.  Ries,  H.,  and  Lcighton,  H.,  "History  of  the  Clay- working  Industries  of  the 
U.  S.,"  Wiley,  New  York,  1909.  Sokoloff,  "  Determination  of  Physical  Properties,"  Tkonind. 
Z.,  190Q,  XXXIII,  1256,  1286,  1296.  Heyn,  Microscopical  Examination,  Tkonind.  Z.,  iiyiT, 
XXXI,  530. 

*  Technical  Paper  10,  U.  S.  Bureau  of  Standards,  191 2. 
'  Thonind.  Z.,  191 1,  xxxv,  1395,  1424. 

*  Hickling,  Trans.  Inst.  Min.  Eng.,  1908,  xxxvi,  10. 

Mellor-Holdcroft,  Tr.  Engl.  Coram.  Soc.j  1910-11,  x,  94;  Tkonind.  Z.,  191Z,  xxxv,  1383. 

*  Binns,  Tr.  Am.  Ceram.  Soc,  191 2,  xiv,  815. 
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friable  to  mealy  mass  which  as  a  rule  is  dull,  but  occasionally  has  a  pearly  luster; 
usually  it  has  an  unctuous  feel  and  is  weakly  plastic;  it  has  a  clay  odor,  adheres 

.sli^tly  to  the  tongue,  shrinks  considerably  upon  heating  and  fuses  at  the  tem- 
pcntuie  indicated  by  Seger  cone  No.  36  (1,790°  C.)- 

SnjcA. — Silica*  is  found  in  all  fire-clays,  ranging  from  <i  per  cent,  in  pure 
highly  refractory,  to  peihaps  30  per  cent,  in  sandy  semi-refractory,  clay.  It  is 
usuafly  invidble.  Microscopic  examination  shows  it  to  be  angular  in  residua!, 
and  rounded  in  sedimentary  clays;  sometimes  it  is  colorless,  oftener,  however, 
stained  with  iron.  It  expands  upon  heating  (S161),  thus  counteracting  the 
shrinkage  of  clay,  and  is  nearly  as  infusible  as  kaolinite,  melting  with  Seger  cone 
No.  35  (1.770°  C.)  or  1,735  ^  i.740°-*    At  a  low  temperature  it  therefore  acts 


\ 

\ 

3 

101 

112 

IS  1*1 

fi  18  n  18 

iswiizzatu 

ssii 

"' 

K 

■ 

\^ 

\ 

Jl 

- 

A 

\ 

4, 

\ 

J" 

S 

1 

t" 

/ 

v 

V 

■v 

y 

i. 

' 

^ 

4 

/ 

^ 

/ 

'^ 

^ 

M 

Fig.  337. — Seger's  fieczing-pomt  curve  of  alumina-silica  and  kaoliD-silIca  mixtuTcs. 

as  a  refractory  agent,  but  at  a  high  temperature  it  fluxes  kaolinite.  This  b 
shown  by  Seer's  curve'  represented  in  Fig.  227.  The  ordinate  represents  the 
melting-points  of  Seger  cones  (Table  67)  Nos.  26  to  36,  the  abscissa  the  propor- 
tions of  AliOi,  or  kaolinite,  and  SiOi;  the  upper  curve  denotes  the  behavior  of 
AliOj,  the  lower  that  of  kaolinite  from  Zettlitz,  Bohemia  (analysis,  Table 
142).  In  the  upper  curve  the  least  fusible  mixture  consists  of  i  AltOi  and 
2  SiOi,  and  melts  at  a  temperature  indicated  by  cone  No.  36.  The  fusibility 
increases  with  the  amount  of  SiOt  up  to  the  proportion  i  AIiOj :  17  SiOi,  and 
then  decreases  until  the  effect  of  AljOg  has  disappeared  and  the  melting-point 
of  SiOi,  equal  to  cone  No.  35,  has  been  reached.  In  the  lower  curve  the  mini- 
mum is  reached  with  i  kaolin  :  18  SiOj.  Both  curves  show  that  we  have  to  deal 
with  a  eutectic  mixture.  As  SiOi  not  in  combination  with  AI1O3  acts  as  a  flux 
at  high  temperatures,  a  fire-clay  low  in  free  SiOt  will  be  more  refractory  than 

>  Eraze,  Tkonind.  Z.,  iqoS,  xxxu,  9J4. 

•Kuolt.rariNtco;  Fafer  10,  U.  S.  Bureau  of  SUndatds,  1913. 

■  Themtud.  Z.,  1893,  xvn,  391;  Tr.  A.  J.  U.  E.,  1894,  xxiv,  43, 
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one  high  in  SiOi,  suppo^ng  the  percentage  of  basic  fluxes  to  be  thesanxiv,  1 
the  greater  the  percentage  of  AljOt  the  greater  the  infusibility. 

If  the  AI1O3-  and  SiOj-contents  of  Seger-cone  mixtures  are  calculatein 
percentages  and  deg.  C.  substituted  for  cone-numbers,  and  the  data  p 
a  rectangular  system  of  coordinates,  as  has  been  done  by  Neumann'  thotwiD  I 
be  obtained  the  curve  shown  in  Fig.  338.  In  it  the  chemical  compound  Al|Ot 
SiOt  (andalusite,  sillimanite,  cyanite)  with  62.9  per  cent.  AliO)  and  37.1  pet 
cent.  SiOi  is  placed  at  1 ,850°  C,  which  appears  justifiable  from  Seger'sownrecotd  ' 
and  from  other  researches,  such  as  those  of  Stein,*  Shepherd- Rankine*  andothin. 
Accepting  this  view  there  at 
present  in  the  AltOr-SiOi  soie, 
one  eutectic  AltOr-AltOtSiOi, 
the  chemical  compound  AliO;.- 
SiOi,  and  a  second  eutedic 
AliOt.SiOi-SiOt. 

Felospas. — Feldspar, 
and  other  silicates  in  fire-days 
are  the  cause  of  the  presenct  d 
small  quantities  of  MgO,  CaO,' 
FeO,  NaiO,  K,0,  all   of  whkh 
act  as  fluxes  and  lower  the  n 
ing-points.*     Richters'  in  1S6S 
propounded  the  theory  that  tbe 
fluxing  effects  of  these  oxides  was  proportional  to  their  molecular  weights; 
thus   40    MgO  would  have  the  same  slagging  effect  as  56   CaO,  72  FcO 
(166   FetOj),   62    NasO,   94   K(0.    Later  experiments   by  Cramer*  showed 
that  this  theory  holds  good  only  for  kaolinite,  and  that  in  the  presence  of  un- 
corabined  SiOj,  the  above  fluxing  order  has  to  be  changed  to  FeO,  MgO,  CaO,    - 
NaiO,  K.1O.    Ludwig's*  researches  also  confine  Richter's  theory  to  pure  clays 
which  when  fused  are  to  be  considered  as  dilute  solutions  and  therefore  follow 
the  general  law  that  "equi-molecular  quantities  of  different  substances  dis- 
solved in  equal  amounts  of  the  same  solvent  lower  the  melting-point  to  the  same 
degree."'" 

Melting-point  of  Clay. — ^As  stated  in  the  definition,  a  day  ceases  to  be  a 
fire-clay  when  it  melts  before  Seger  cone  No.  26;  and  a  clay  that  contains,  when 

' Slahi  u.  Einn,  igio,  xxx,  1505. 
'  Zl.  anorg.  Ckcm.,  1907,  LV,  159. 

•  Am.  J.  Sc,  1909,  xxvill,  301. 

•  Hottinger,  Tr.  Am.  Ccr.  Sac,  1903,  v,  130, 
'  Cramer,  Thonind.  Z.,  1901,  xxv,  976. 

•  Cramer,  "Volatility  and  Effecl,"  Thonind.  Z,,  1 
^  Dingier,  Pol.  J.,  i896,cxci,  S9,  tS°i  '*9;  1870,0 

Berlin,  1S97. 

'  Thonind.  Z.,  1895,  xix,  633,  647;  i8i)7,  »".  18 

*Op.cil.,  1904,  xxvm,  773. 

*°  Bldoinger,  Tr.  Am.  Ctr.  Soc.,  1905,  vu,  276. 


1, 168,  reprint,  Thonindustiie-'Zdtuiig, 
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free  from  HiO,  more  than  6  per  cent,  fluxes  will  do  this.  Clays  of  the  highest 
degree  of  refractoriness  fuse  with  Seger  cone  No,  36,  Ries/  similarly  to 
Jochum,*  calls  days  melting  after  Seger  cone  No.  33  highly  refractory;  melting 
between  31  and  33,  refractory;  between  27  and  30,  semi-refractory,  between 
20  and  26,  lowly  refractory. 

TiOt. — 'TiOj  b  found  in  most  daj*,  rarely,  however,  in  amounts  exceeding 
2  per  cent.;  it  begins  to  act  as  an  add  flux  at  a  temperature  lower  than  does 
SiOi.  The  usual  small  quantities  present  have  little  influence  upon  the  fusi- 
bility.   S^er,*  Ries*  and  Riecke'  have  studied  its  eSects. 

Okganic  Matter. — Organic  matter,  frequently  found  in  days,  gives  them  a 
dark  color.  As  a  rule,  it  is  finely  divided  and  harmless,  being  oxidized  when 
the  day  is  burnt,  and  passing  off  with  the  vapors  and  gases. 
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Fig.  119. — Ludwig's  isotectic  tines  of  refractory  clays. 


The  interpretation  of  the  ultimate  analysis  of  a  fire-clay  as  regards  refractori- 
ness is  not  simple.  In  a  general  way  it  is  clear  that  the  closer  the  percentages  of 
AliOi,  SiOi  and  combined  H^O  approach  those  of  kaolinite,  and  the  smaller 
the  amount  of  free  SiOj  and  of  fluxing  impurities,  the  purer  and,  therefore, 
the  more  refractory  will  be  the  clay.  The  first  to  give  a  numerical  expression 
for  refractoriness  was  Bischof*  whose  "refractory  quotient"  is  expressed  by 
O  in  AltOi 


(OinRO)X(OinSiO,)' 


1  which  RO  is  the  Sum  of  fluxes.     Its  validity  has  been 


'  Gm^  Surv.  of  N.  J.,  "Clay  Industry,"  1904,  p.  100. 

'"Die    Greiuen   der   FeuerbesUndigkcit   (cuerfcster   Producte   und   die   Detinitio 
reUtiven  B^riSes  'leuerfest,'"  Thoninduiirie  ZeitutiE,  Berlin,  1904,  P-  7. 

•  Tkonind.  Z.,  1883,  Vii,  343,  "Collected  Works,"  1,  519. 

•  Ged.  Surv.  of  N.  J.,  "Clay  Industry,"  1904,  p.  70. 

•  TMtmind.  Z.,  190S,  xxxii,  1414. 

•"Die  Fcuerfesten  Thone,''  jd,  p.  fij;  Hofmun,  Tr.  A.  I.  M.  E.,  1894,  xxcv,  44. 
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questioned  by  "Seger,^  Wheeler*  and  others  who  have  proposed  other  formula. 
The  most  recent  investigation  of  the  subject  is  that  by  Ludwig*  whose  deductions 
are  based  upon  85  samples  of  analyzed  fire-clays  tested  for  fusibility  with  Scger 
cones.    He  starts  with  the  fact  that  a  clay,  when  melted,  forms  an  igneous 
solution  holding  dissolved  various  silicates.    This  solution  obeys  the  general 
law  of  solutions  stated  above,  hence  in  interpreting  fusibility  from  the  ultimate 
analysis  only  the  efifects  of  gram-molecules  of  components  can  be  considered,  as 
was  done  by  Richters,  and  not  those  of  weight-percentages,  as  has  been  done  by 
others.    A  kaolin  of  Grunstadt,  e.g.,  has  the  composition  AI2O3  38.15,  SiOi 
47.69,  Ti02  0.12,  Fe203  0.77,  CaO  0.21,  K2O  1.26.    Dividing  each  component 
by  its  molecular  weight  gives  AlaOs  0.37402,  Si02  0.79484,  Ti02  0.00150, 
Fe203  0.00963,  CaO  0.00374,  K2O  0.01340;  making  AI2O1  unity,  changes  these 
figures  to  AI2O3  I,  Si02  2.125,  Ti02  0.004,  Fe20i  0.0257,  CaO  o.oioo,  KiO 
0.01340.    As  equal  gram-molecules  of  fluxes  have  equal  effects  upon  fluxing, 
their  combined  effects  can  be  expressed  by  their  sum,  hence  the  simplified 
refractory  expression  is  i  AI2O3+2.125  Si02+o.o755  F  (lux).     By  plotting  the 
calculated  values  of  the  85  fire-clays  examined  in  a  system  of  rectangular 
coordinates,  in  which  the  abscissae  represent  values  for  SiOj,  and  the  ordinates 
those  for  F,  and  marking  the  melting-points  in  values  of  Seger  cones,  there  were 
obtained  the  "isotectic"  (equal-melting)  lines  shown  in  Fig.  229.    The  numbers 
in  these  lines  represent  the  locations  of  the  Seger  cones.    In  estimating  the 
fusibility  of  a  fire-clay  from  the  ultimate  analysis,  one  simply  calculates  the 
molecular  proportions  of  Si02  and  F  to  AI2O3  as  unit,  finds  the  position  in  the 
plot  and  thereby  the  fusibility.    The  dot  in  the  diagram  represents  the  clay 
from  Grunstadt. 

Another  method  of  arriving  at  the  refractoriness  of  a  fire-clay  is  by  making 
a  "rational  analysis"*  which  separates  the  clay  into  three  constituents:  kao- 
linite,  quartz  and  feldspar  (flux).  The  original  method  as  improved  by  Sabeck* 
is  as  follows:  boil  5  g.  finely  pulverized  unburn t  clay  for  2  hr.  with  50  c.c.  cone 
H2SO4  and  100  c.c.  H2O  in  a  casserole  to  decompose  and  dissolve  kaolinite, 
decant  the  solution  with  floating  flakes  of  hydrosilicate  into  a  beaker  containing 
2  lit.  H2O,  allow  to  settle  i  hr.  and  decant  the  clear  solution,  join  the  residues, 
boil  with  10  c.c  of  a  33-per  cent.  NaOH  solution  to  dissolve  amorphous  SiOj, 
dilute,  decant,  wash,  treat  for  5  min.  with  cone.  HCl  to  dissolve  AlOsHi.  Repeat 
the  treatment  with  NaOH  and  HCl,  filter,  ignite  and  weigh.    The  difference 

*  Thonind,  Z.,  1877,  i,  290,  296;  i889,xm,  332;  1893,  xvii,339;  "Collected  Works,"  i,  .468 

*  Eng,  Min.  7.,  1894,  LVii,  224,  244;  Geol.  Surv.  of  Mo.,  "Clay  Deposits,"  1896,  p.  146. 
'  Thonind.  Z.,  1904,  xxviii,  783. 

*  Scger,  "Collected  Works,"  i,  46,  537. 

Ries,  Ann.  Rep.^  U.  S.  Geol.  Surv.,  1906-07,  v,  1122;  Tr.  A.  I.  M.  £.,  1898,  xxvm,  160. 
Zschokke,  Thonind.  Z.,  1902,  xxvi*,  1742. 
Binns,  Tr.  Am.  Cer.  Soc.y  1906,  vm,  198. 

BoUenbach,   H.,   "Laboratoriumsbuch  fiir  Tonindustrie,"  Knapp,  Halle,  1910,  p.  24, 
also  Chem.  Ind.,  1908,  xxxi,  45. 

"Purdy's  Attacks,"  Tr.  Am.  Ceram.  Soc,  191 1,  xiii,  200;  1912,  xiv,  359. 
^Chern.  Ind.,  1892,  xxv,  90. 
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between  original  weight  and  residue  gives  the  kaolinite.     Determine  AljOi  m 
the  residue  (consisting  of  quartz  and  feldspar)  and  figure  it  as  feldspar  (102  AlA: 
556  feldspar)  and  deduct  this  from  the  weight  of  the  residue;  the  difference  is 
quartz.    Any  mica^  present  is  decomposed  with  the  kaolinite  as  well  as  the 
usual  small  amounts  of  FesOs,  CaCOs,  MgCOi.    If  present  in  any  appreciable 
amount,  these  bases  would  have  to  be  determined  by  ultimate  analysis,  kt 
then  the  clay  would  have  ceased  to  be  refractory.    The  amounts  of  mica  and 
Fe208  can  be  arrived  at  by  a  more  elaborate  procedure*  than  outlined  abovt 
In  Table  143  compiled  by  Ries'  the  clay  containing  the  smallest  amount  of  fdd- 
spar  will  be  the  most  refractory.    The  ultimate  analyses  of  da3rs  Nos.  i  and  2  are 
very  much  alike,  but  the  rational  analyses  show  that  No.  i  has  6  per  cent 
less  clay-substance  (kaolinite),  12  per  cent,  less  quartz  and  19  per  cent,  more  feld- 
spar (flux)  than  No.  2,  and  is  therefore  much  less  refractory.    Samples  Nos.  3 
and  5  and  10  and  1 1  give  similar  evidence.    With  samples  Nos.  6  and  7  and  9  and 
II,  both  the  ultimate  and  rational  analyses  are  very  similar,  hence  the  cla}'s 
show  a  similar  general  behavior  as  to  fire-resistance  and  shrinkage. 

The  fusibility  of  a  clay  is,  however,  influenced  not  only  by  its  chemical 
composition,  but  also  by  its  texture,  i.e.,  the  relative  size  and  intimate  contact 
of  the  particles  of  clay-substance  and  of  fluxes.    The  smaller  the  particles  and 
the  more  uniform  the  mixture,  the  lower  the  refractoriness.    Thus  Hofman- 
Stoughton^  have  shown  that  a  mixture  of  raw  and  burnt  clay  of  the  same  gen- 
eral chemical  character  varying  in  size  from  coarse  grains  to  an  impalpable 
powder  behaved  in  practically  the  same  way  when  subjected  as  such  to  the 
action  of  heat  and  of  fluxes  as  when  the  whole  had  been  finely  ground.    On  the 
other  hand,  Ries^  proved  in  a  striking  way  how  the  admixture  of  the  same  amount 
of  flux  added  to  a  given  quantity  of  fire-clay  caused  fusion  to  take  place  at  a 
much  lower  temperature  when  the  flux  was  150-  than  when  it  was  80-mesh 
size.    Weber's®  examination  of  fire-brick  lays  special  stress  upon  the  size  of 
grain.     In  fact,  when  a  clay  is  heated  gradually  to  complete  fusion,  at  first 
fritting  takes  place,  which  hardens  the  mixture;  then  the  components  (fluxes) 
which  can  combine  into  a  readily  fusible  mixture  (eutectic)  will  become  liquefied; 
the  liquid  part  will  gradually  dissolve  adjoining  particles,  at  first  the  siliceous, 
then  the  aluminous,  the  fine  particles  more  readily  than  the  coarse,  until  finally 
the  whole  has  been  liquefied  to  a  homogeneous  solution.    This  explains  also 
the  softening  of  a  clay  before  it  fuses. 

The  only  conclusive  way  of  arriving  at  the  fire-resisting  power  of  a  clay  is  by 
means  of  a  fire  test.    The  simplest  is  the  direct  method  of  Seger.^    The  day 

*  Melts  at  1400**  C,  G.  Vogt,  Bull.  Soc.  Chim.^  1890,  iv,  343;  Cketn,  NewSf  1890,  LXii,  315. 

*  Nineteenth  Ann.  Rcp.t  U.  S.  Gcol.  Surv.,  1897-98,  vi,  393  (Rics). 

^  Tr,  A.  /.  M,  E.y  1898,  XXVIII,  160;  Tr.  Am.  Ceram,  Soc.y  1907,  ix,  772. 

*  Tr.  A,  L  M.  E.f  1898,  xxviii,  440. 

^  Tr.  A.  I.  M.  E.y  1904,  XXXIV,  205,  956  (Hofman). 
^  Tr.  A.  I.  M.  E.y  1905,  XXXV,  637. 
'  Ilofman,  Tr.  A.  I.  M.  E.,  1895,  xxv,  4. 
Ludwig,  Thonind.  Z.,  1906,  xxx,  1477. 
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to  be  tested  is  molded  into  the  form  of  a  small  Seger  cone,  placed  with  two  or 
tliree  Seger  cones  in  a  specially  refractory  crucible  and  heated  in  a  Deville  fur- 
nace until  a  Seger  cone  is  found  showing  the  same  behavior  in  the  fire  as  the 
day  that  is  being  tested. 

The  resistance  of  a  fire-clay  to  fluxes^  may  be  tested  by  mixing  samples  of 
sty  i-s  g.  severally  with  5, 10, 15  .  .  .  mg.  flux,  forming  the  mixtures  into  small 
Seger  cones,  heating  them  in  a  Deville  furnace  with  Seger  cone  No.  26  to  such 
a  temperature  that  cone  No.  26  will  melt.  The  sample  which  shows  the  same 
behavior  as  the  Seger  cone  will  be  the  critical  mixture,  and  the  percentage  of 
flux  it  contains  will  form  the  criterion  of  the  clay's  resistance  to  corrosion. 

Plasticity  and  Shrinkage.— The  two  other  leading  properties  of  a  fire-clay 
are  plasticity  and  shrinkage. 

Plasticity*  is  the  property  which  a. raw  day  possesses  of  absorbing  water 
and  then  forming,  when  worked,  a  pi^ty  mass  that  can  be  molded,  and  that  will 
retain  its  shape  when  dried  and  burnt.  The  degree  of  plasticity  varies  very 
much.  Residual  days'  (kaolin,  rock-  or  flint-clays)  are  practically  non-plastic 
(lean);  sedimentary  days,  on  the  contrary,  are  as  a  rule  plastic  and  are  termed 
fat  Sandy  (gritty)  days  are  less  plastic  than  those  that  are  fine  (gritless); 
grinding*  increases  the  plastidty;  the  more  plastic  a  day  the  more  valuable. 
The  amount  of  water  required  to  form  a  plastic  mass  varies  with  the  fineness  of 
partides;  the  coarser  they  are  the  less  water  is  needed.  Coarse  or  sandy  days 
require  14  to  20  per  cent,  water;  medium-fine  days  20  to  25  per  cent.,  very  fine 
days  25  to  30,  and  occasionally  35  per  cent,  to  develop  the  full  plastidty. 
What  causes  the  plastidty  of  certain  days  is  not  definitely  known.  Johnson  and 
Blake*  found  under  the  microscope  that  plastic  clays  were  made  up  mainly  of 
prismatic  crystals  and  fine  fan-shaped  and  curved  plates,  while  flint-clays  con- 
tained few  plates  only,  from  which  it  would  appear  that  fine  plates  were  the 
cause.  Olchewsky*  suggested  the  interlocking  of  clay  partides  and  kaolinite 
plates  as  the  cause.  Cushman^  worked  out  a  theory  that  colloids®  (glue-like 
partides)  of  hydrated  aluminum  silicates  are  the  main  cause.  Grout  and 
Pappe*  hold  that  molecular  attraction  of  colloids  acting  together  are  the  cause. 

*  Hofman,  Tr.  A.I.  M,  E.,  1898,  xxviii,  435. 

*  Seger,  Thonind.  Z.,  1890,  xiv,  201. 

Simonis,  Sprechsaal,  1905,  xxxvm,  597,  881,  1625;  1906,  xxxdc,  1167,  1184. 
Chatenet,  Rev.  Mit.,  1907,  iv,  937. 
'  Galpin,  Tr.  Am.  Ceram,   Soc.y  191 2,  xiv,  301. 

*  Page-Cushman,  Bull.  No.  85,  U.  S.  Dept.  Agriculture,  1904. 

Cushman,  Circular  No.  38,  OflSce  of  Public  Roads,  U.  S.  Dept  Agriculture. 

•  Am.  J.  Sc.  and  Arts,  1867,  xlhi,  351. 

•  Deutsche  T6pfcr  und  Ziegler  Z.,  1880,  385. 

'  Tr.  Am.  Cer.  Soc.,  1904,  vi,  65;  1908,  viii,  180. 

•Ashley,  Bull.,  388,  U.  S.  Geol.  Surv.,  1909;  Tr.  Am.  Ccrant.  Soc,  1909,  xi,  530. 

Keppeler,  Z/.  Eleclrochem.,  1909,  xv,  781,  540  (Rohland). 

Soper,  Min.  Sc.  Press,  1909,  xcrx,  626. 

Editor,  Tonind.  Z.,  1909,  xxxm,  1524. 

Bkininger-Fulton,  Tr.  Am.  Ceram.  Soc,  1912,  xiv,  827. 

•  Tr.  Am,  Ceram,  Soc.,  1912,  xiv,  ji^ 
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Different  methods  have  been  suggested  to  determine  tliedepvecfphstidtf!^! 
Thus  Bischof  ^  obtained  relative  figures  by  kneading,  e.^.,  t«x> 
ground  day,  with  the  same  amount  of  water,  forcing  them  tliioii^  acj 
die  and  measuring  the  length  of  the  extruded  pendl  before  it  brake.  Slam- 
Lindley^  used  this  method  at  Trenton,  N.  J.  Jochum'  ibmis  a  pcBcl  5.1ii 
square  by  5  7/8  in.  long  and  bends  it  in  a  registering  appumtos  nnti  it  cndi 
The  binding  power  (see  below)  gives  good  approximatioiwL  It  vas  oate  hdl 
that  tensile  strength  could  be  used  to  express  the  degree  of  plastid^,  but  hi||k 
tensile  strength  and  plasticity  do  not  always  go  togetho*. 

Tensile  strength^  has  its  own  importance  in  that  it  gives  an  cuacMM 
for  the  amount  of  handling  and  the  addition  of  non-plastic  material  a  mokU 
clay  can  stand.  The  method  employed  is  similar  to  that  of  oemcnt-tcsdig: 
The  clay  is  ground,  molded  into  the  standard  form  of  cement  briquette,  airHirid 
2  to  5  days  and  tested.  With  very  fine  days  air-drying  has  to  be  sappkmaiti 
by  steam-drying.  Tensile-strength  data  cover  a  wide  range:  Kaolin  5  to  aolh. 
per  sq.  in. ;  common  brick  days  30  to  100;  pottery  days  100  to  500;  bill  cbjn 
and  other  very  plastic  clays  200  to  500. 

Tensile-strength  tests  arc  often  used  to  determine  the  Bindimg  Pmuf^ 
Measured  amounts  of  clay  passed  severally  through  a  40-niesh  sieve  are  mixed 
dry  with  measured  increasing  amounts  of  sand  ground  through  40-  and  on  100- 
mesh,  moistened,  kneaded,  molded  into  briquettes,  air-dried  and  then  brokcB 
in  the  testing  machine.  The  briquettes  with  increasing  amounts  oi  sand  will 
show  about  the  same  tensile  strength  up  to  a  sudden  drop.  The  binding  pomtr 
is  closely  related  to  plasticity. 

Shrinkage. — When  a  clay,  mixed  with  water  to  form  a  paste,  is  exposed  to 
the  drying  influences  of  air,  part  of  the  mechanically  combined  water  is  e\'i^ 
rated,  and  the  paste  shrinks.  The  linear  air-shrinkage  ranges  from  2  percent 
with  sandy  to  1 2  with  fat  clays,  and  averages  5  to  6  per  cent.  One  part  of  the 
water  absorbed  by  the  clay  fills  the  pore-spaces  of  the  single  day-partides  (por^ 
water),  the  other  (film-water)  the  interstitial  spaces  between  the  day-granules 
forming  films  or  irregular  capillary  tubes.  In  drying,  the  amount  of  p<Ke-water, 
ranging  from  i  to  5  per  cent.,  remains  unchanged,  while  the  £lm-water  is  con- 
veyed by  the  capillary  tubes  from  the  interior  to  the  surface  where  it  evapwates; 
at  the  same  time  the  granules  of  day  are  drawn  closer  together  and  fill  up  the 
emptied  sj)aces.  The  larger  the  particles,  i.e.,  the  coarser-grained,  the  more 
quickly  and  uniformly  will  a  day  dry,  and  the  less  liable  will  it  be  to  crack. 

^  Frurrffste  Thonc,  3d  od.,  p.  83. 
'  Tr.  Am.  Cer.  Soc.^  1907,  vii,  3Q7, 
^ Zt,  Vtr,  Jvutsih,  Ing.,  1895,  xxxix,  317. 
*  WIu'cUt,  Civol.  Surv.  Mo.,  vol.  xi,  p.  iii. 
HcyiT  William,  la.  iieol.  Surv.,  vtil.  xiv,  p.  83. 
Kios,  A'.  J .  iicol.  Surv.,  vol.  vi,  p.  85. 
Orton,  7>.  Am.  Cer.  Spc,  iqoo,  11,  100;  1901,  in,  198. 

'Stoermer,  M.,  "Fchlcr  bci  dcr  Thonwaaren-Fabrikation,"  Cra«  and  Gerladi,  Freiberg, 
1901,  p.  37. 


With  fine-grained  days  the  small  capillary  tubes,  while  large  in  number  and 
therefore  absorbing  much  water,  cannot  draw  the  water  as  quiclily  from  the  cen- 
ter as  the  large-size  tubes;  hence  fine-grained  clays  can  be  dried  only  slowly  and 
arc  likely  to  crack  more  or  less  on  account  of  the  greater  contraction  at  the 
surface  than  at  the  center,  especially  if  the  drying  is  hastened.  A  day  that 
has  been  air-dried  retains  its  plasticity. 

If  a  day  is  heated  to  200-300°  C,,'  a  decided  alteration  takes  place  with 
many  days  in  that  they  become  granular  and  begin  to  lose  their  plasticity;  with 
others  the  temperature  for  loss  of  plasticity  lies  at  about  450°;  again  dehydration 
is  not  always  accompanied  by  loss  of  plasticity.     Generally,  however,  dehydra- 
tion means  loss  of  plasticity;  the  clay  shrinks,  and  shrinkage  increases  \\'ith  the 
1  lemperature  and  with  it  the  hardness  of  the  day.     When  the  chemically  cora- 
'  bined  water  is  expelled,  compounds  are  formed-  which  have  a  lower  specific 
I  gravity  than  the  raw  day;  at  950°  C,  however,  there  is  a  sudden  increase 
1  in  specific  gravity,  caused  by  some  exothermic  reaction  (Le  Chatelier)  in  the 
[  substance. 

The  fire-shrinkage  of  Missouri  days  averages  3.7  per  cent.     Coarse-  and 

I  fine-grained  clays  will  show  a  similar  behavior  in  fire-  as  in  air-shrinkage.     In 

[  the  fire  a  day  loses  its  plasticity,  but  still  remains  porous  and  readily  again 

r  absorbs  water.    In  order  to  make  a  fine-grained  plastic  clay  shrink  evenly  with- 

1  out  cracking,  coarse  non-shrinking  substances  (grog),'  such  as  sandy  clays,  sand, 

f  burnt  clay,  graphite  are  added.    The  amount  of  grog  to  be  added  to  a  day 

varies  with  its   shrinkage   and   the  size  of  the  piece  that  is  to  be  molded. 

Lean  days  require  10  to  15  per  cent,  grog,  fat  clays  2$  to  35  per  cent.;  with 

large  pieces  the  amount  may  reach  50  per  cent.,  with  heavy  furnace  blocks 

even  65  per  cent.     Grog  acts  in  part  as  a  diluent  redudng  the  amount  of 

(lay-substance;  in  part  it  increases  the  interstitial  spaces  thus  enabling  the 

c^ill&ry  tubes  to  convey  readily  the  water  from  the  interior  to  the  surface. 

The  porosity  of  burnt  clay  gives  fire-brick  a  certain  elastidty  which  enables 

it  to  bear  changes  of  temperature  nithout  cracking.* 

Linear  shrinkage,  expressed  in  per  cent,  of  original  length  of  test-piece,  is 
determined  by  molding  day  with  water  into  the  form  of  a  brick,  say  8X2X0-5 
in.,  pladng  it  on  a  weighed  glass  plate,  drawing  a  fine  center  line,  say  6  in. 

Jong,  and  a  short  one  at  either  end  | -[,  weighing  ihc  sample,  and  then 

slowly  drying,  first  in  the  open  air,  then  in  a  steam-chest  (130"  C.)  to  constant 
weight  and  noting  the  reduction  in  length  of  the  central  line.     The  fire-shrink- 
age is  determined  by  heating  the  air-dried  brick  in  a  muflle  to  600  or  700°  C,  or 
a  higher  temperature  until  the  maximum  shrinkage  has  taken  place.     Wheeler,* 
>  Blrininger,  Bureau  of  StandardE,  Bull.  151,  :9n;  Tr,  Am.  Ceram.  Soc.,  1910,  xn,  504. 
Brown-Monlgomery,  op.  cit.,  19x1,  xrv,  709. 
Hursh,  ibid:  P-  Sii. 

GUwnftpp,  Tftnind.  Z.,  1907,  xxxi,  1167;  K"-  HH-  P-^l'-,  1909,  vi.  731. 
'  Knote,  Tr.  A  in.  Ceram.  Soc,  igio,  xn,  317, 
'  Bigg,  Mel.  Chtm.  Eng..  1910,  vm,  S23. 

'  Winduus,  Tond.,  \i)ti,  xxxvi',  iios,  lOJJ,  1656;  iff'-  Cktm.  Eng.,  191  i,x,  66t. 
*Gtot.  Stirt.  0/  UO;  vul.  XI,  p.  133. 
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fn  determining  the  shrinkage  of  Missouri  clays,  made  bricks  0.5X4X4  in., 
s  X1X4  int.,  2X2X4  in.  and  3X4X8  in.,  so  as  to  have  approximately  the  sizes 
of  ordinary  ware.  The  cubical  shrinkage,  expressed  in  per  cent,  of  original 
volume,  may  be  'determined  with  a  Seger  volumeter.^  Experiments  \\pon  the 
specific  heat  of  days  have  been  made  by  Knote.^  Thus  the  specific  heat  of  raw 
day  from  Olive  Hill,  Ky.,  was  found  to  be  0.237;  burnt  at  650^  C.  it  decreased 
to  0.204,  &t  1,050^  to  0.200. 

159.  Fire-brick  Manufacture,  Properties  and  Laying.^ — ^The  fire-brick  used 
ID  furnace  construction  have  various  forms;  most  of  them  have  become  standard- 
ised; many,  however,  have  special  shapes  as,  e.g.,  the  brick  used  in  retort  coking 
ovens,  zinc  smelting  furnaces,  various  recuperators  and  regenerators.    Figs. 
330  and  231^  give  the  leading  shapes  with  the  common  dimensions.    The  same 
xeference  contains  the  common  rules  for  calculating  the   number  of   brick 
required  for  the  construction  of  arches,  etc.     In  the  manufacture  of  fire-brick 
five  steps  have  to  be  considered:  the  composition,  preparation  and  molding  of 
die  mixture,  and  the  drying  and  burning  of  the  brick. 

CoMPOSinoN  OP  Mixture. — ^The  mixtures  ordinarily  used  formaking  fire- 
brick consist  of  refractory  raw  and  burnt  flint-clay  and  raw  refractory  plastic 
day.  The  burnt  flint-clay  is  often  replaced  in  part  by  ground  fire-brick  and 
b  sometimes  by  coarse  quartz.  The  flint-clay  which  is  abundant  and  cheap  con- 
stitutes the  largest  part  of  the  mixture.  As  it  shrinks  considerably  upon  drying 
and  burning,  and  thus  has  a  tendency  to  crack  and  lose  its  shape,  part  of  it  is 
always  calcined. 

The  proportion  of  flint-clay  to  be  deprived  of  its  shrinking  power  will  depend 

vpon  the  amount  of  raw  plastic  clay  that  is  required  to  form  the  bond  and  upon 

its  shrinkage,  the  principle  to  be  followed  being  that  for  the  soundness  and 

strength  of  the  ensuing  brick,  it  is  essential  that  the  components  of  the  mixture 

shall  approximately  show  the  same  amount  of  shrinkage.    Plastic  clays  suited 

to  serve  as  a  bonding  material  are  often  sandy  and  have  a  low  shrinkage.    As 

the  flint-day  furnishes  the  fire-resisting  power  and  the  plastic  clay  the  physical 

strength  to  the  brick,  it  will  be  seen  that  it  is  not  possible  to  make  a  brick  that 

shall  combine  to  perfection  the  two  properties;  one  has  to  be  sacrificed  to  the 

other  according  to  the  use  to  which  the  brick  is  to  be  put. 

A  mixture  for  fire-brick  that  is  to  resist  intense  heat  consists  of  about  45  per 
cent.  vol.  of  raw  flint-clay,  45  per  cent,  calcined  flint-clay  and  10  per  cent. 
plastic  clay.  Such  a  brick  is  loose  and  porous,  even  when  hard-burnt.  Re- 
placing part  of  the  calcined  clay  by  quartzite  weakens  the  brick  physically  and 

*  Tkonind.  Z.,  1881,  v,  2;  1891,  xv,  317;  Ta.  GeoL  Survey y  vol.  xiv,  p.  107. 
Crossley,  Clay-worker ^  1899,  xxn,  115,  199,  265,  367,  449;  1900,  xxxm,  22,  428,  520. 

'  Tr,  Am,  Ceram.  Soc.,  1912,  xiv,  394. 

'  Wear  of  Fire-brick  in  Metallurgical  Furnaces  :  Tkonind,  Z.,  1895,  xix,  380  (Diirre) ;  1903, 
Toonit  335  (Jochum),  336  and  775  (Osann);  i9o6,xxx,  145;  1907,  xxxi,  1382  (Osann) ; 5toA/ w . 
Eisen,  1892,  265;  1898,  xvm,  168  (LUrmann);  1903,  xxiii,  826;  1907,  xxvii,  1626,  (Osann); 
1905,  xx\r,  870  (Ludwig);  1906,  xxvi,  336  (Osann);  I9i2,xxxii,  231  (Kinder);  Tr,  A,  I.  M,  £., 
1904,  XXXIV,  427  (Flrmstone). 

*  Peters,  Iron  Age,  1908,  Lxxxn,  1074;  Eng,  Min,  J,,  1909,  lxxxvii,  447. 
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to  a  certain  extent  reduces  the  refractoriness.  A  brick  that  is  to  be  physiolljf 
strong  will  be  made  of  a  mixture  of  about  50  per  cent,  vol.  raw  and  calcined  to- 
day and  50  jier  cent,  plastic  clay. 

Pkep.vration  of  Mixture.' — The  clay  in  a  bank  is,  as  a  rule,  not  unifoim.^ 
It  has  therefore  to  be  first  sorted  into  different  grades  and  perhaps  cobbed  to 
remove  impurities,  such  as  quartz,  feldspar,  mica,  pyrite,  oside  of  iron,  ttt 
Sometimes  clays  are  washed,'  especially  when  they  are  mined  in  open  cuisud 
are  thus  liable  to  become  contaminated  with  mud;  or,  the  clays  may  bt  loo 
sandy  or  contain  other  impurities  which  have  to  be  removed.    Log-wasbns, 
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Flc.  23:, — Dry-pan. 

pit-washers  or  some  other  simple  disintegrating  and  stirring  devices  sqiaiaU  I 
the  clay-particles  satisfactorily  from  the  rest.    They  are  reco\Tred  from  the 
water  by  settling  or  filter-pressing.    Often  clay  is  weathered,  as  spreading  it  out 
and  exposing  for  months  to  the  weather  causes  the  texture  to  becooie  moreei 
and  the  toughness  and  plasticity  to  increase. 

Ordinarily  the  operations  of  preparing  a  mixture  consist  in  crushing  »nd 
grinding  the  components  and  then  tempering  the  mixture  that  it  may  be  ready 
for  molding.  The  day  is  ground  in  a  dry-  or  ivel-pan  after  it  has  been  crudied 
to  a  limiting  size  by  breakers,  rolls,  disintegrators;  it  is  then  tempered  in  a  pug- 
mill  or  a  wet-pan;  before  pugging,  it  may  have  to  be  soaked  in  a  pit. 

'  DUramlcr,  K.,  "Handbuch  det  Ziegcl-fnbrikation,"  Knapp,  Halle,  1013. 

'Sopcr,  "Geology  and  Mining  of  Clay,"  Enf.  Uin.  J.,  igii,  xcui,  163. 

■  Rics.  Niiultnah  Ann.  Rtp.,  U.  S.  Geul.  Smiv.,  t8q7-q3,  VI,  3S7. 
The  Slumming  Process,  Ctay  Worker,  1904,  xui,  144. 

Bleininger,  op.  dl.,  tQOQ,  lii,  14},  169;  Tr.  Am.  Ctram.  Soc.,  igog,  xt,  467  ({■uiuIm- 
Moore);  igii,  xiv,  399  (Thomas). 

BdUaibtch,  T«Hin4.  Z.,  1911,  xx}^-,  17&0. 
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The  dry-pan,  Fig.   232,  is  a  horizontal  cast-iron  pan,  7  to  g  ft.  in  diam. 
pivoted  to  a  vertical  revolving  shaft  geared  eilher  from  above  or  below.     It  has 
two  iron  edge- rollers  (6  to  14  in.  face,  48111.  diam,  each  2,000  to  5,cxjolb.)  that  are 
keyed  to  a  horizontal  shaft  which  rests  in  grooves  of  the  framework.     The 
rollers  usually  have  removable  chilled  tires.     The  floor  of  the  pan  outside  of  the 
path  of  the  rollers  is  made  up  of  cwhangeable  sectional  plates  perforated  with 
holes  1/8X3/16  in.     The  rollers,  revolved  by  the  friction  of  the  rotating  pan, 
crush  the  clay  fed  near  the  center.     From  the  rollers  the  clay  passes  outward  to 
I       the  periphery  and  falls  through  the  perforations  into  a  wooden  box  underneath 
the  pan  (not  shown)  whence  it  is  deliv- 
ered by  scrapers,  attached  to  the  bot- 
tom of  the  pan,  to  a  discharge-chute.  , 
The  day  which  did  not  pass  through  the 
pan-bottom  is  returned  by  scrapers  to 
the  path   of  the  rollers.     An  a\'erage 
record  of  a  g-ft.  dry-pan  with  1/8X3/16 
in.  holes  making  2$  to  30  r.p.m.  and  re- 
quiring 3a  to  30  h.p.  is  100  tons  rock- 
clay  in  10  hr.    The  ground  clay  may  or 
may   not    be  screened.     Screening  in- 
sures   greater    uniformity.     From    the 
ground  materials  the  mixture  is  made 
up  by  bedding,   i.e.,  the  components 
measured  by  volume  are  spread  out  in 
^Morizontal   layers,   one   on   top  of  the 
^■Mher,  and  removed  in  vertical  sections. 
^KA  bed  is  usually  made  up  on  the  Soor, 
Hivatered  and  then  fed  into  a  pug-mill; 
Htometimes    it    is    prepared    in    a  pit, 
H^ioaked  with  water  and  allowed  to  stand 
for  14  hr.  before  it  is  pugged. 

A  pug-mill  is  a  vertical  (Fig.  233)  or  horizontal  (Fig.  134)  iron  casing  in 
which  revolves  a  shaft  equijjped  with  knives  (cutting  bars,  paddles,  propellers) 
set  so  as  to  form  an  interrupted  Archimedian  screw.  The  clay-mixture  fed  at 
the  top  or  the  upper  end  and  wetted  with  the  necessary  amount  of  water  is  cut 
up,  mixed,  and  thoroughly  kneaded  in  its  passage  through  the  casing  until  it  is 
delivered  at  the  lower  end.  Vertical  pug-mills  have  a  discharge  at  the  side; 
horizontal  mills  which  discharge  at  tlic  end  may  be  open  or  closed,  thus  deliver- 
ing the  mixture  either  free  or  under  pressure.  In  the  closed-delivery  pug-mill, 
diovm  in  Fig.  234,  the  mixture  is  fed  to  a  screw  in  the  conical  end  which  forces  it 
through  the  die.  The  resulting  rectangular  bar  is  received  on  a  cutting-table 
and  cut  automatically  into  bricks.  The  vertical  pug-mill,  shown  in  Fig.  233, 
weighs  6,000  lb.,  occupies  a  floor-space  3  1/2X6  1/2  ft.  and  is  9  ft.  high;  it  has 
eight  knives  and  two  wipers,  and  treats  3  to  4  Ions  of  material  in  10  hr.  The 
lontal  mill,  shown  in  Fig.  134,  weighs  20,000  lb,,  is  52  ft.  long  and  8  ft.  wide 


Fig.  233.— Vertical  pug-mill. 
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at  the  upper  end;  it  has  i6  knives,  makes  21  r.p.m.,  and  treats  6  to  7  lonsii^ 
material  in  10  hr. 

A  wet-pan  resembles  very  much  a  dry-pan;  ibe  bottom  is  not  perforated, tit  | 
rolltrs  are  narrower  and  lighter  {8  to  1 2  in.  face,  34  lo  36  in.  diam.,  a.oco  tt  I 
J, 000  lb.,  pan  9  ft.  diam,);  grinding  and  tempering  go  on  simultanwuilj.  [ 
A  charge  of  mi.xture  (i  ,500  to  4,000  lb.)  is  dumped  into  the  revohing  pan  vA  j 


Fic,  JJ4. — Horizontal  closed-delivery  pug-mill. 


water  added  as  often  as  necessary;  after  ro  to  15  min.  it  is  suiBdentJy  worked 
and  taken  out  by  means  of  a  long-handled  wooden  paddle  pivoted  on  a  ring-boll 
near  the  blade.  The  paddle  is  lowered  into  the  pan,  the  mixture  glides  onio  ii 
and  is  discharged.  The  wel-pan  is  sometimes  used  for  tempering  maleriib 
ground  in  the  dr>'-pan.  The  diy-pan  has  the  advantage  that  its  material  is 
crushed  to  a  limiting  sije,  the  wet-pan  that  it  develops  plasticity, 

MoLDDic. — Bricks  are  molded  either 
by   hand    or   by   machine.     In   machine 
molding  there  are  distinguished  the  sofl- 
^  mud,  the  siiff-mud,  and  the  dry-processes. 
The  best  fire-brick  are  hand-moldrd,  ft>r 
'"'  which  purposes  the  temper  has  to  be  es- 

pecially soft.  .\  ball  of  clay  holding  more  material  than  will  fill  a  wooden  mold 
(Fig.  a^s)  is  thrown  forcibly  into  the  mold  after  the  latter  has  been  "sanded" 
with  burnt  clay,  the  excess  of  mixture  is  cut  off  by  means  of  a  wire,  the  surface 
smoothetl,  the  mold  dumped  and  the  brick  transferred  to  a  drying  Boor,  when  it 
is  re-pressed  in  a  movable  hand-press'  after  having  dried  for  about  6  hr.  Re- 
pressing is  necessarj"  to  pve  the  brick  the  required  shape,  to  smooth  the  sides 
and  to  strengthen  it.  Aman  will  make  4.cx)o  bricks  in  a  day,  supposing  the  mix- 
ture and  sanded  molds  to  be  delivered  and  the  tilled  molds  removed. 

Sort-MVD  UACiiiKES  are  sometimes  used  for  making  fire-brick.  A  machine' 
consists  of  a  vertical  pug-mill  which  rtpugs  the  mixture,  delivers  it  at  the  bottom 
and  forces  it  into  sanded  molds  fed  in  empty  on  one  side  and  pushed  out  auto- 
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matically  at  the  other.     The  bricks  are  rough  and  unfinished  and  have  to  be 
re-pressed.    The  capacity  of  a  machine  is  25,000  to  30,000  brick  per  day. 

The  SiiFF-MUD  machine  principle  has  been  shown  in  connection  with  the 
horizontal  pug-mill,  Fig.  234.  It  is  rarely  used  in  connection  with  fire-brick 
manufacture.  Its  capacity  is  60,000  to  70,000  brick  per  day.  It  is  employed 
for  making  flue-dust  briquettes  at  Anaconda.' 

The  Drv-pbocess  is  hardly  used  at  all.  Here  the  raw  material,  ground 
rather  fine,  is  pressed  without  moistening  by  a  powerful  machine  into  the  form 
of  a  brick  and  burned.  When  the  natural  moisture  is  not  sufficient  to  bind  the 
particles  together,  it  may  have  to  be  steamed.  The  natural  bond  of  such  a 
brick  must  be  weak;  it  can  become  strong  only  through  the  presence  of  fusible 
silicates,  but  these  must  be  absent  in  a  fire-brick. 

Drying.' — Fire-brick  are  dried  on  drying  floors,  rarely  on  pallets,  sometimes 
in  tunnel-dryers.  Drying  floors  are  brick  floors  heated  by  flues  passing  under- 
neath. Pallet-dryers  are  covered  racks  or  cribs  for  holding  boards  (pallets) 
3  or  4  in.  apart,  each  with  about  six  brick.  The  time  required  varies.  Pallets 
have  the  advantage  of  cheapness,  capacity  and  economy  of  space,  but  suffer 
from  being  dependent  upon  the  weather.  Tunnel-dryers  consist  of  a  set  of 
brick  flues,  say  4X5X100  ft.,  heated  by  fireplaces,  steam-pipes  or  superheated 
air.  The  green  brick  are  placed  on  trucks,  a  train  of  which  moves  on  tracks 
slowly  through  a  tunnel  in  24  to  36  hr, 

BuRNi.NG. — -The  dried  fire-brick  are  burned  in  brick  kilns,*  According  to 
the  method  of  firing  they  are  classed  as  down-draft,  up-draft  and  continuous 
kilns.  The  down-draft  kiln'  is  in  common  use  in  burning  fire-brick.  It  is  a 
circular  or  oblong  brick  chamber  20  to  30  ft.  in  diam.,  or  20X30  ft.  long,  and 
15  ft.  high  which  has  a  number  of  fireplaces  at  the  periphery,  or  at  the  sides, 
from  which  the  flames,  upon  entering  the  kiln,  rise  in  vertical  flues  reaching  to 
near  the  spring  of  the  arch  (usually  of  siHca  brick),  then  spread  over  the  tops 
of  the  bricks,  descend  in  the  ojjcn  space  left  between  them  and  through  the 
perforated  bottom,  on  which  the  bricks  rest,  into  underground  flues  connected 
with  the  main  flue  and  the  chimney.  The  kiln  shown  in  Figs,  136  lo  238  is  used 
lor  baking  electricial  porcelain  and  therefore  too  small  for  brick;  for  burning 
brick  it  would  have  to  be  40  feet  in  diameter  instead  of  iS,  and  the  other 
dimensions  correspondingly  larger.  The  temperature  is  kept  at  Seger  cone 
No9.  9  to  12  (1,280  to  1,350°  C);  it  takes  s  to  6  days  to  burn  the  charge  and  a 
few  more  days  to  cool  it.  With  up-draft  kilns,*  the  flame  enters  below  the  per- 
forated bottom;  the  products  of  combustion  enter  the  chamber  through  the 
periorations  and  pass  off  through  a  pipe  in  the  roof, 

'  Austin,  Tr.  A.  I.  if.  £.,  1906,  xxxvii,  460. 

'Lines,  Tr,  Am.  Ceram.  Soc.,  1908,  x,  146. 
Famham,  ep.  cil.,  1910,  XM,  39s. 

*  Glaienapp:  Chemical  Phenomena  in  Burning,  Thonind.  Z.,  11107,  xxxi.  1167. 

MeUor-Austin,  op.  cil.,  1907,  xxxi,  9041  igo8,  xx\[i.  1113. 

'Montgomery,  Tr.  Am.  Ceram.  Sac.  19:1,  xin,  311. 
Grave,  op.  cit.,  igt«,  xiv,  T13. 

■Dtawing:  Riddle,  Trans.  Am,  Ceram.  Soc.,  igit.XUI,  385. 
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Pic.  236. — Down-draft  kiln  with  central  stack,  elevation. 


Fic    JJ7  —Dunn  dtatl  kiln  with  cenirjl  slack   %ertical 
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In  continuous  kilns'  which  form  a  series  of  connected  chambers,  the  waste 
heat  from  one  chamber  which,  e.g.,  is  at  a  bright-red,  serves  to  partially  burn  and 
to  dry  the  green  bricks  of  the  others. 

PsoPEKTiES  OF  Fire-brick.* — ^The  color  is  usually  a  light-gray;  (this  cannot 
serve  as  a  guide  to  refractoriness;)'  the  s[)ecific  gravity  1.8  to  2;  (this increases 
with  the  rise  of  temperature;)*  the  hardness  6.5  to  7.0,  (Rattler-tests;)^  it  absorbs 


Fig.  338. — Down-draft  kiln  with  central  stack,  horizontal  section. 


II  to  14  per  cent,  water  when  soaked  for  48  hr.  The  absorbing  power  is  about 
inversely  proportional  to  the  crushing  strength.'  The  crushing  strength  ranges 
from  1,600  to  2,000  lb.  per  square  inch;^  it  increases  in  the  furnace  with  some 

'  Egleston,  Tr.  A.  I.  M.  E.,  i886-87,xv,  448  (Dunnachie);  School  Min.  Quart.,  1886-87, 
VIII,  j4  (Mendenhdm);  CUty  Worker,  1908,  l,  49J  (Ducmmler), 

Kichardson,  Tr.  Am.  Ctram.  Soc.  1912,  xiv,  778  (producer  gas). 
Lftnge,  Slahl  u.  Eiiat,  1911,  xxxii,  1729  (Mendenheim). 
■  Rigg,  DefecU  of  fire-brick,  Met.  Chtm.  Eng.,  igio,  viii,  737. 
'Leander,  Tenind.  Z.,  1913,  xxxvi,  1735. 
*Ogan.  Tr.  Am.  Ceram.  Sot.,  1911,  xm,  6io. 

*TraHi.  Am.  Ceram.  Soc.,  1909,  XI,  501   (Hope);   1911,  xill,  791;   i9tii  xiv,  t8o,  laS 
(Orton);  1911,  XIV,  370  (Brown). 

*  BJeininger,  Tr.  Am.  Ceram.  Sac.,  1910,  xii,  564. 
Tests  of  Wolgodine,  An.  Mfl.,  1909,  vi,  767;  Tonind.  Z.,1910,  xxxiv,  i^;  Met.  Cktm. 
£■(.,  1909,  VII,  383.  «3- 

Douty-Beebe,  f roc.  <<m,  Soe.  Test.  Mat.,  1911,  xi,  767. 
'LdrmAnn,  Staid  u.  Eisen,  1901,  XXI,  786;  1907,  xxvil,  1423,  i66i. 
Wernicke,  op.  cit.,  1907,  xxvii,  16G1. 
Seger- Cramer,  T/ionind.  Z.,  1907,  xxxi,  13S3]  19c 
Bldninger,  Tr.  Am.  Ceram.  Soc,  1910,  xii,  337;  1 
S.s- 

Cur,  */•  ^-i  I9'°>  xxxiv,  633. 
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brands,  and  decreases  with  others;^  the  load-carrying  power^  is  very  much  dimin- 
ished when  heated  to  say  1,500°  C.  Cramer'  devised  a  method  for  determining 
the  softening  temperature  by  molding  pencils  3/8X3/4X10  in., baking  them  at 
Seger  cones  Nos.  16-17,  placing  the  rods  horizontally  on  sharp-edge  brick  sup- 
ports 8  in.  apart,  and  then  heating  to  bending  and  measuring  the  height  of  the 
segment.  Fire-brick  are  poor  conductors  of  heat;*  with  Au  as  1,000,*  the  heat 
conductivity  is  12.  Table  144  by  Wolgodine*  gives  the  heat  conductivities  <rf 
some  of  the  leading  refractory  materials.  Other  tests  are  those  by  Fitzgerald' 
Stansfield-McLeod-McMahon®  have  studied  the  electric  restivity  of  specimens 
of  fire-brick,  silica,  magnesite  and  chrome  brick.  The  shrinkage,  and  e]q)an- 
sion,  vary  greatly  with  the  porosity  and  percentage  of  free  SiOj.  Lumurnn* 
found  the  range  of  linear  shrinkage  of  leading  European  brands  to  be  from  0.54  to 
2.52  per  cent.  Ogan^^  tested  the  shrinkage  at  different  temperatures.  Foote- 
Stockman^^  found  that  some  of  the  leading  American  brands  expanded  about 
0.5  per  cent.  A  fire-brick  with  40  per  cent.  AI2O1  satisfies  the  most  rigid  de- 
mands of  the  iron  blast-furnace.^^  A  brick  to  be  acid-proof  must  be  made  of 
a  dense-burning  mixture,  free  from  FexOy  and  CaO,  as  porous  brick  never  resist 
acid  any  length  of  time. 

Laying  of  Fire-brick. — In  laying  fire-brick,  it  is  essential  to  make  as  thin 
a  joint  as  possible.  The  mortar  used  is  a  thin  gruel-like  mixture  of  findy 
ground  raw  and  burnt  clay  in  proportions  similar  to  those  of  which  the  brick 
was  made.  The  brick  which  are  to  be  adjacent  are  rubbed  against  one  another 
until  no  light  can  be  seen  through  the  joint.  In  building  flues  of  by-product 
coke-ovens  the  brick  are  sometimes  ground  with  carborundum  wheeb  to  certain 

*  Seger-Cramer,  Stahl  u.  Eherty  1907,  xxvii,  521. 
•Parker,  Tr.  Am.  Ceram.  Soc^  1907,  vii,  185. 

'  Thonind,  Z.,  1901,  xxv*,  706;  1902,  xxvi,  300,  1065;  also  Stoermer,  op,  cU.,  I90I,xa{V^ 
1628,  1699. 

Bleininger,  Tr.  Am.  Ceram.  Soc,  1910,  xii,  237. 

*  Pennock,  Tr.  A.  I,  M.  E.,  1896,  xxvi,263. 
Wheeler,  Tr.  Am.  Ceram.  Soc,  1904,  vi,  119. 
Page,  op.  cit.,  1905,  vii,  434. 

Romer,  Stahl  u.  Eiserif  1908,  xxvin,  883. 

LUrmann,  ihid.f  1180. 

Cramer,  Tonind.  Z.,  1908,  xxxii,  28. 

Herjng,  Met.  Chem.  Eng.,  1908,  vi,  495;  1909,  xii,  72. 

OsanD;  Tonind.  Z.y  1909,  xxxiii,  1405;  Staklu.  Eisen,  i9io,xxxix,  1060,  1107,1147,1692. 

Clemcnt-Egy,  Bull,  36,  Univ.  III.,  1909. 

*  Kerl-Cramer-Hecht,  op.  cit.f  p.  475. 

"Internal.  Congress  Appl.  Chem.,  London,  1909;  Rev.  MH.,  1909,  vi,  767;  Tonind,  Z., 
19 10,  XXXIV,  84;  Met.  Chem.  Eng.^  1909,  vii,  383,  433. 
'  Met.  Chem.  Eng.^  191 2,  x,  286. 
Randolph,  ibid.,  287. 

*  Met.  Chem.  Eng.,  1912,  x,  746. 
^  Stahl  u.  Eisen,  1901,  xxi,  786. 

*°  Tr.  Am.  Ceram.  Soc,  191 1,  xin,  602;  Tonind.  Z.,  1912,  xxxvi,  775. 

**  Thesis  No.  226,  1902,  Mining  Department,  Mass.  Institute  of  Technology. 

"  Jochum,  Thonind.  Z.,  i9oi,xxi.,  789. 
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Table  144. — Heat  Conductivities  of  Refractory  Materials 


Material 


Graphite  brick 

Carborundum  brick. 

Magnesia  brick 

Chromite  brick 

Fire-brick 

Checker  brick 

Ga»-retort  brick 

Building  brick 

Bauxite  brick 

Glass  pot 

Terra  cotta 

Snica  brick 

Kiesdguhr  brick . . . 


Heat  conductivity 

g.  cal.  sec.  p.  sq. 

Kg.  cal.  hr.  p.  sq. 

Relative 

cm,  p.  cm.  p. 
i^  C.  diff. 

m.  per  m.  p. 
i^  C.  diff. 

per  cent. 

0.025 

9.0 

100.  0 

0.0231 

8.32 

92.4 

0.0071 

2.54 

28.4 

9- 0057 

2.05 

22.8 

0.0042 

1.50 

16.7 

0.0039 

1.42 

15.8 

0.0038 

1.36 

15.2 

0.0035 

1.26 

14.0 

0.0033 

1. 19 

13-2 

0.0027 

0.96 

12.4 

0.0023 

0.84 

9  3 

'           0.0020 

0.71 

7.8 

0.0018 

0.64 

7.1 

standards  in  order  that  there  may  be  no  leakage  of  gas  through  the  joints.  The 
brick  to  be  laid  is  dipped  into  water,  then  into  the  clay  gruel,  put  in  position  and 
hammered  into  place  with  a  wooden  mallet  in  order  to  squeeze  out  any  excess 
mortar  and  make  a  dose  fit.  After  the  brick  have  been  laid,  they  are  grouted 
with  a  slurry  of  the  mortar  to  fill'every  crevice.  The  suggestion  of  Liirmann*  to 
use,  for  an  iron  blast-furnace,  a  mortar  less  refractory  than  the  brick  with  the 
idea  that  the  fusing  mortar  would  cement  the  brick  and  thus  form  a  monolithic 
wall  has  not  found  favor,  as,  while  it  seemed  to  work  in  water-cooled  brick- 
work, the  mortar  began  to  ooze  out  from  walls  subjected  continuously  to  high 
temperatures.* 

i6o.  Fire-clay  Used  in  Other  than  Brick  Form. — Fire-clay  is  used  in  the 
form  of  a  loose  mass  in  ramming  the  bottom  of  a  furnace.  The  ground  raw  clay 
is  mixed  with  ground  calcined  clay  or  brick  in  proportions  similar  to  those  in 
brick-making,  moistened  and  worked  to  form  a  mass  that  w^ill  cohere  to  a  lump 
when  pressed  in  the  hand,  but  not  adhere  to  the  hand.*  Sometimes  ground 
raw  fire-clay  is  mixed  with  equal  volumes  of  charcoal  or  coke  to  form  "  brasque;** 
charcoal-brasque  is  weaker  than  coke-brasque.  Brasque  is  a  poor  conductor 
of  heat  and  is  not  readily  attacked  by  heat  or  slag,  but  its  use  presupposes  a 
reducing  fusion;  it  serves  for  lining  furnace  bottoms,  less  so  at  present  than  in 
former  years. 

>  Tkonind,  Z.,  1882,  vi,  447. 

*0^.  cit.,  1884,  vm,  113. 

*Clay  Crucibles,  Greaves- Walker,  Tr,  Am,  Ceram,  Soc,  19 10,  xii,  5.  4 
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i6i.  Silica^  and  Silica  Brick. — Silica  melts  approximatdy  at  1,750^  C* 

Hcraeus*  found  that  quartz  decrepitated  at  570®  C,  softened  at  1,500®,  became 

^Uissy  at  1,700®,  could  be  maintained  in  the  fluid  state  at  2,000®  C,  and  was 

somewhat  volatile  at  2,300  to  2,400®  C.    Cramer*  volatilized  Si02  completely 

in  a  Deville  furnace'^  as  did  Moissan^  and  Hirsch^  in  an  electric  fiunace.    Silica 

expands  upon  heating.  The  results  of  Le  Chatelier's'  experiments  are  represented 

graphically  in  Fig.  239.     Challendar^  compared  the  expansion  of  Si02  with  that 


0         100200800400600600700800900      1000  1100 

Tempenttuze 

Fig.  239. — Expansion  of  silica  by  heat  (Le  Chatelier). 

of  PL  Cramer^®  found  that  the  expansion  was  progressive,  i.e.,  when  sand  was 
heated  (Si02  98.25,  AI2O3 1.04,  Fe203  0.04,  K2O  0.40)  ten  times  to  the  tempera- 
ture for  baking  porcelain,  the  specific  gravity  diminished  with  every  heat, 
decreasing  from  2.662  to  2.398.  The  behavior  of  quartzite^^  is  not  as  regular  as 
that  of  Si02;  some  varieties  swell  considerably  in  the  first  heating  and  less  so  in 
the  second;  with  others,  just  the  reverse  is  true.^^  The  expansion  of  sandstone 
and  quartz-schist  is  more  even  than  that  of  quartzite.^' 

*Le   Chatelier;  "La  Silice,"  Rev,  Un,  Min,  1913,  i,  85;  forms  part  of  "La  Silice  et  les 
Silicates"  to  be  issued  by  Hermann,  Paris. 

'Kanolt,  Technolog,  Paper  lo,  U.  S.  Bureau  of  Standards,  191 2. 
'Z/.  Eledrochem.f  1903,  rx,  848. 
*  Thonind,  Z.,  1892,  xvi,  747. 
*Hofman,  Tr.  A.  I.  M,  £.,  1895,  xxv,  5. 
^Compt.  Rend.,  1893,  cxvi,  1222. 
''Sum  m.  Eisen,  1908,  xxvni,  413. 
*Compt.  Rend.,  1890,  ni,  123. 
•i4ffi.  Mfr.,  1904,  Lxxiv,  469. 
"  Thonind.  Z.,  1886,  x,  355. 

**  Cramer,  Thonind.  Z.,  1901,  xxv,  864;  Stahl  u.  Eisen^  1901,  xxi,  773. 
Lattermann,  Thonind.  Z.,  1901,  xxv,  659. 

"  Wernicke- Wildberg,  Tonind.  Z.,  1910,  xxxiv,  262,  688,  723,  769. 
"  Cramer,  Thonind,  Z.,  igoi,  xxv,  864;  Slalit  u.  Eisen,  1901,  xxi,  •j'j^* 
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The  research  of  Grum-Grzimaflo^  has  shown  that  quartz  (sp.  gr.  2.65) 
heated  for  some  time  to  1,000°  C.  is  changed  into  tridymite  (iq).  gr.  2.32)  with 
an  increase  in  volume  of  14.2  per  cent.;  quartzite  is  less  affected  than  quartz. 
Silica  brick,  which  upon  continued  heating  increases  in  volume  from  17  to  20 
per  cent.,  consists  of  quartz,  quartzite  and  a  bond  (a  silicate  of  CaO.MgO.FeO.- 
AIO3).  The  more  perfectly  the  quartz  has  been  converted  to  tricfymite  in 
baking  the  better  and  stronger  will  be  the  silica  brick;  large  pieces  of  quarti 
require  a  prolonged  heating  to  be  changed  into  tridymite;  hence  a  rock  with 
small  grains  of  quartz  is  preferable  to  one  with  large,  and  an  impure  quartzite 
furnishing  a  larger  number  of  points  of  attack  for  the  conversion  of  the  quartz 
than  a  pure  milky  quartzite,  will  be  a  more  satisfactory  raw  material.  Other 
investigations  bearing  upon  the  conversion  and  expansion  are  those  of  Holin- 
quist,*  Endell,'  who  also  give  cross-references,  Kaye,*  and  Shq)herd-Rankin.* 

Silica  coming  in  contact  with  bases  at  elevated  temperatures  forms  more  or 
less  fusible  slags. 

Quartzite  (Middlesbrough:  Si02  95.40,  AI2O3  3.10,  CaO  i.o8),*  sandstoue, 
ganister  (Sheffield:  Si02  98.94,  AI2O3  0.57,  Fe20s  0.67,  CaO  0.62,  MgOo.21, 
H2O  0.42),^  etc.,  were  formerly  used  quite  extensively  in  the  natural  state  in 
furnace  construction;  at  present  their  field  is  limited  to  foundations  on  account 
of  the  difficulty  of  cutting  the  blocks  and  the  liability  to  crack  and  decrepitate 
upon  heating.  When  employed,  they  should  be  laid  with  the  bedding-planes 
horizontal.  Silica  brick  are  used  almost  exclusively  in  the  roofs  of  high-tempera- 
ture reverberatory  furnaces  or  in  regenerative  chambers  where  they  have  little 
load  to  bear  and  where  they  can  expand  freely.  Quartzite  crushed  to  a  sand  is 
burnt  in  to  form  the  bottom  of  copper  reverberatory  and  acid  open-hearth  fur- 
naces, is  rammed  in  to  line  steel  ladles  and  Manhes  copper-matte  converters,  and 
thrown  into  copper  reverberatory  furnaces  and  patted  down  to  serve  as  fettling. 

Manufacture  and  Properties  of  Silica  or  Dinas*  Brick.* — Silica  brick 
is  composed  of  a  mixture  of  crushed  quartzite  and  lime.  Ordinary  fire-sand 
cannot  be  used  as  raw  material  on  account  of  the  lack  of  angularity  of  the  grains.^* 
The  usual  material  is  a  quartzite  of  say  Si02  97.5,  A^Os  1.5,  FeiOs  0.5  per  cent, 

*  Stahl  w.  Risen,  1911,  xxxi,  224;  Tonind.  Z.,  1911,  xxxv;  Rev,  Mil,,  1911,  vni,  275. 

*  Tonind.  Z.,  191 1,  xxxv,  1323. 

*  Stahl  u.  Risen,  1912,  xxxii,  392;  Rev.  Mil.,  Rxfr.,  1912,  DC,  464. 
*Phil.  Mag.,  1910,  XX,  718;  Rev.  Mil.,  Rxtr.,  1911,  viii,  36. 

*  Am.  J.  Sc,  1909,  xx\'iii,  322. 

*  Tonind.  Z.,  1893,  xvii,  425. 

'  J.  I.  and  St.  /.,  1875,  III  522. 

*  The  term  "dinas  brick"  originated  in  England  in  1822  with  W.  W.  Young,  who  made  the 
first  silica  brick  in  Wales  from  so-called  dinas  clay,  containing  96.7-98.3  per  cent.  SiOt. 

Percy,  "Fuel,"  2d  ed.,  p.  146. 

*  Crossley,  Clay-'workcr,  19,000,  xxiv,  268. 

Plant  of  Robinson  Co.,  Akron,  O.,  Iron  Trade  Rev.,  1907,  xu,  339;  Clay  Worker,  1907, 
XLViii,  259. 

Plant  of  .\naconda,  Austin,  Tr.  A.  I.  ^f.  R.,  1906,  xxx\'n,  484;  Greaves- Walker,  Tr. 
Am.  Ceram.  Soc,  191 1,  xiii,  152. 

"  Photomicrograph  of  silica  brick,  Rinne,  Thonind.  Z.,  iqpj,  xx\'ii,  195,  Fig.  5. 
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melting  at  Seger  cone  No.  35  or  35-36.^  It  is  essential  that  some  AUOs  and 
FeiDt  be  present  to  form  a  bond.  Wernicke^  states  that  chemical  composition 
u&d  refractoriness  alone  do  not  determine  the  suitability  of  a  quartzite  for 
making  silica  brick,  but  that  the  character  of  the  individual  grains  is  of 
leading  importance.  The  microscopical  examination  of  a  thin  section  in 
polarized  light  shows  that  in  an  unsuitable  quartzite  the  individual  grains  are 
in  dose  contact,  and  that  in  a  suitable  quartzite  they  are  separated  from  one 
another  by  an  amorphous  silicious  bond.  The  quartzite,  calcined  in  a  shaft 
furnace  if  necessary,  is  crushed  in  a  rock-breaker  and  then  reduced  to  the  required 
size  in  a  wet-pan  with  the  addition  of  2  per  cent.  Ca(0H)2,'  in  the  form  of  milk 
of  lime,  and  the  necessary  water  to  form  a  moldable  paste.  Some  quartzite  con- 
tains just  the  right  proportion  of  flux  so  as  to  require  no  bonding  material.  The 
lime  ought  to  be  pure,  i.e.,  as  free  as  possible  from  MgO  and  absolutely  free 
from  COs-  The  calcining  temperature  of  limestone  is  i ,000°  C.  ;*  overburnt  lime 
does  not  slake  satisfactorily;  underburnt  lime  retains  CO2  (800^  C).  In  crush- 
ing in  the  wet-pan,  the  aim  is  to  obtain  part  of  the  quartzite  as  a  fine  flour,  e.g.,^ 
1/3  flour,  1/3  grains  i  to  3  mm,  1/3  grains  3  to  7  mm.  The  rollers  of  the  pan 
ought  to  be  heavy  (5  tons,  5  ft.  diam.,  i6-in.  face);  a  7-ft.  pan  making  15  r.p.m. 
and  requiring  25  h.p.  will  prepare  10  tons  of  mixture  in  10  hr.  The  molding 
used  to  be  done  exclusively  by  hand,  but  a  pneumatic  hammer  was  some- 
times used  in  filling  the  mold  as  with  fire-clay  brick.  At  present  brick-presses 
have  replaced  hand-work  to  some  extent.  On  account  of  the  expansion  in  burn- 
ing, the  molds  are  made  about  3  per  cent,  smaller  than  the  desired  brick.  The 
brick  are  dried  on  floors  or  in  tunnels;  they  can  be  dried  more  rapidly  (say  in  3 
days)  than  clay-brick.  The  molded  brick  has  very  little  strength,  but  to  over- 
come the  fault  is  repressed  after  drying. 

The  burning  is  carried  on  in  down-draft  kilns.  ^  A  circular  kiln  holding 
100  tons  of  brick  is  about  20  ft.  inside  diam.,  has  eight  fireplaces,  height  to 
q>ring  of  arch  10  ft.,  total  height  15  to  16  ft.  The  burning  temperature  is  at 
S^er  cone  Nos.  16  to  17;  it  takes  20  days  to  burn  a  charge,  including  filling  and 
emptying.  It  is  essential  that  the  kiln  be  brought  quickly  to  the  desired  tem- 
perature, that  a  minimum  of  excess  air  pass  through  the  grate,  that  the  charge  be 
cooled  slowly,  and  air  again  be  excluded,  as  otherwise  the  brick  are  likely  to 
crack.  Silica  brick  are  highly  refractory,  rarely  fusing  below  Seger  cone  No. 
33;  tests  with  three  samples  gave  Kanolt  a  range  of  1,700  to  1,750°  C;  they 
are  light-brown  in  color,  and  are  speckled  from  particles  of  Fe  abraded  from  the 
grinding  machinery;  they  are  porous,  light  in  weight,  brittle  and  difficult  to  cut, 
poor  conductors  of  heat  (see  Table  144)  and  inelastic;  they  crack  when  exposed 
to  sudden  change  of  temperature;  the  linear  expansion  which  is  progressive  is 

^Analyses:  Lange,  Stahl  u,  Eisetif  191 2,  xxxn,  1729;  Grum-Grzimailo,  Holmquist,  and 
Enddl,  quoted  above. 

*  Si4M  u.  Eisen,  1913,  xxxm,  235. 

*Huish,  Dissociation  of  Calcium  Hydrate,  Tr.  Am.  Ceram.  Soc,  191 2,  xw,  792. 
^  Bldninger,  Tr,  Am.  Ceram.  Soc,  191I1  xiii,  618. 

*  Thamnd.  Z.,  1881,  238. 

^Lmnge,  Siaklu,  Eisen,  JQ12,  xxxu,  1734  (single  circular  and  M^ndhevm  Vv\iv&^. 
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about  3  per  cent.  ;*  the  compressive  strength*  shows  a  range  of  1,900  to  4,000  lb. 
per  sq.  in;  the  former  figure  refers  to  pure,  the  latter  to  impure  brick;  the  re- 
fractoriness has  been  sacrificed  (melting-point  below  Seger  cone  No.  33)  to 
strength.    The  heat  conductivity  is  a  little  greater  than  that  of  fire-clay  brick.* 

Table  146. — Analyses  of  Silica  Brick 


Harbison 

&  Walker 

"Star 

Brick" 


Anaconda, 
Mont. 


Haws  Fire, 
brick  Co., 
Mt.  Union, 
Pa. 


Fayette 
Mfg.  Co. 


Sheffield, 
England 


Germany 


Germiny 


SiO, 
AI2O1 
FejOi 

CaO 
MgO 

Ref. 


95  498 

1527 
0.744 

2.128 

0.108 

(i) 


97.2 


I.I 
i.o 


(2) 


97.2 

1-4 
0.2 

0.76 

0.35 
(2) 


96.6 
0.6 

0.55 
1.8 

0.33 
(2) 


} 


95  40 
3  10 
2.00 


(3) 


9596 
1.88 


} 


2.06 
(4) 


95-95 
1.69 

0.51 
1.20 

0.16 
(S) 


(i)  Circular;  (2)  Tr,  A,  /.  M,  £.,  1906,  xxxvii,  485;  (3)  Berg.  HiiUenm,  Z.,  1890, 
XLDC,  117;  (4)  Bischof,  Collected  Analyses,  p.  139;  (5)  Kerl-Cramer-Hecht,  0^.  cil.,  p.  890, 
gives  thirty  analyses.  Blasberg,  Stahl  u.  Eisen^  1910,  xxx,  1059,  gives  also  analyses  of  different 
parts  after  use. 

In  laying  silica  brick  it  is  important  to  leave  room  for  expansion;  thus  in  a 
reverberatory  furnace  for  melting  sulphide-copper  ores,  having  i2-in.  silica 
brick,  1/4  in.  is  allowed  to  i  ft.  in  the  roof,  and  5/16  in.  to  2  ft.  in  the  bottom; 
the  expansion  space  is  occupied  by  cardboard  when  the  brick  is  being  laid. 
The  mortar  used  is  a  slurry  of  finely  ground  fire-sand  and  fire-clay  in  the  pro- 
portion of  60 :  40. 

162.  Bauxite  and  Bauxite  Brick. — Bauxite  is  AlOsHs  contaminated  with 
FeOsHs,  Si02,  Ti02,  etc.  It  is  mined  mainly  in  France,  United  States*  and 
Ireland,  and  serves  as  an  aluminum  ore,  and  as  a  refractory  material. 

AI2O3  melts  at  2,010°  C.**;  with  Si02  it  combines  only  at  temperatures  not 
reached  in  C-heated  furnaces;  if  other  bases,  such  as  CaO  are  present,  readily 
fusible  slags  are  formed.  Bauxite  melts  at  1,820°  C.  and  bauxite  clay  at  1,795** 
C.  (Kanolt).  The  variety  best  suited  for  a  refractory  is  one  containing  little 
FeaOa  and  Si02.  The  mineral,  however,  shrinks  as  much  as  30  per  cent,  and 
crumbles  in  calcining,  hence  brick  cannot  be  made  of  bauxite  alone.  An 
addition  of  SiOa  counteracts  the  shrinkage.     A  mixture*  with  AI2O8  49,  SiOt 

*  Scger-Cramcr,  Thonind.  Z.,  1901,  xxv,  496. 
Liirmann,  Siahl  u.  Eiscn^  1901,  xxi,  790. 

*  Brown,  Tr.  Am.  Ceram.  Soc,  191 2,  xrv',  393. 

*  Pcnnock,  Tr.  A.  I.  Af.  E.,  1896,  xxvi,  263. 

*  Judd,  Ettg.  Mitt.  J.y  1907,  Lxxxni,  574. 

*  Kanolt,  Techtiolog,  Paper  10,  U.  S.  Bureau  of  Standards,  191 2. 

*  Thonind.  Z.,  ipoj,  xxvii,  2132. . 
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Table  147. — Analyses  op  Bauxite 

France 

United  States 

Ireland 

Light 

Red 

Ga.  (a) 

Ala. 

Ark. 

Ark.  (b) 

No.  I 

• 

No.  2 

No.  3 

Al/),. 

Fe,0^ 

TiO^ 

SiO, 

CtO 

56-75 

1-3 

3-5 
10-20 

60-68 
12-16 

3-4 
1-3 

58.62 

1.51 
3.79 
4.27 

61.00 
2.20 
3.12 
2.10 

60-61 

2-3 

2-3 
0.5-1 

87.30 
1.43 

3.99 
6.40 

49-54 

1.75-2.25 

5-6 

8-i6 

0.5-0.6 

26-30 

(5) 

51-52 
4-5 

6-7 
11-12 

0.7-0.8 

23-24 

(5) 

45-46 
15-16 

4-5 

lO-II 

0.15-0.20 
23-24 

(5) 

H,0 

Reference  . 

14-24 
(I) 

11-14 
(i) 

31  44 
(2) 

31.58 
(2) 

32.33 
(3) 

0.88 
(4) 

(a)  Average  of  28  samples.     (6)  Washed  and  calcined. 

(i)  Tkonind,  Z.,  1903,  xxvn,  37;  (2)  Min.  Ind.,  1904,  xiii,  40;  (3)  Thonind.  Z.,  1897, 
XXI,  132;  (4)  Eng,  Min.  /.,  1906,  lxxxi,  217;  (5)  Thonind,  Z.,  1897,  xxi,  132. 

28,  HjO  18  per  cent,  (calcined,  AU08=63.6  per  cent.)  was  found  to  be  more 
refractory  than  Seger  cone  No.  38,  and  a  brick  made  of  it;  with  A^Os  S7-76> 
SiOj  39.7s,  Fe208  2.30,  MgO  0.54,  Ign.  loss  0.17  per  cent.,  and  melting  at  Seger 
cone  No.  37,  stood  well  as  a  basic  lining.  A  brick  of  the  composition  AUOs 
74.78,  SiOj  21.20,  Fe208  3.83,  was  more  refractory  than  Seger  cone  No.  39  and 
also  stood  well  in  a  basic  furnace. 

The  procedure  of  manufacture  in  outline  is  as  follows:  the  washed  bauxite 
is  calcined  between  1,350  and  1,400°  C.  (water  is  given  off  at  1,310°  C),  ground, 
pugged  with  about  4  per  cent,  of  a  highly  aluminous  plastic  clay,  balled,  dried 
and  calcined  at  a  high  temperature.  The  calcined  mixture  is  again  ground  and 
pugged  as  above  and  molded  by  hand;  the  brick  are  partly  dried,  re-pressed  and 
burnt  at  a  high  temperature.  Brick  to  be  used  in  a  basic  open-hearth  ought  not 
to  contain  over  12  per  cent.  Si02.  Kanolt^  found  the  melting-points  of  com- 
mercial brick  to  range  from  1,565  to  1,785°  C. 

Bauxite  is  used  to  tone  up  fire-clay,  i.e.,  to  increase  the  percentage  of  AI2O8. 
Heucken*  has  prepared  iron-blast-furnace  blocks  with  up  to  70  per  cent.  AI2O8, 
fusing  at  Seger  cone  No.  36,  which  have  stood  for  five  to  six  years.  Ordinary 
pure  clay  with  about  40  per  cent.  AI2O3  (kaolinite  =39.8  per  cent.  AUOa)  will 
form  a  brick  that  fulfils  any  blast-furnace  requirement;  in  furnaces  exposed  to 
high  temperatures  and  basic  corroding  influences,  brick  with  60  per  cent.  AI2O8 
are  in  place  as  long  as  they  are  sufficiently  strong.  Increasing  the  percentage 
of  AI2O8  of  a  high-grade  fire-clay  for  special  purposes  differs  from  toning  up  a 
low-grade  clay  to  raise  the  AI2O3  content  and  pass  it  off  as  a  high-grade  article. 
Bauxite  brick'  are  used  at  present  in  rotary  cement  kilns  and  in  lead-softening 
and  refining  furnaces.    The  modification  of  Bischof 's  method  for  determining 

*  Loc,  cii, 

*  Thonind,  Z.,  1901,  xxv,*  1659. 

'Stone,  Min,  Eng.  World,  igi2,  xxxvii,  341. 
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the  fusibility  of  fire-clay  by  Hof man^  forms  a  satisfactory  mode  of  procedure  for 
laboratory  experiment.  Bauxite  fused  in  the  electric  furnace  forms  a  new 
refractory  called  alundum.* 

163.  Lime,  Magnesia,  Dolomite.'— Lime  is  fusible  at  2,000^  C.  (Moissan); 
small  amounts  of  impurities,  such  as  day,  SiOs,  FexOy,  lower  the  melting-pomt 
quickly  so  that  impure  CaO  will  frit  at  i  ,000  to  i  ,400^  C.  Pure  lime  is  used  as  a 
refractory  material  only  in  the  form  of  a  lime  crucible.  Thus  Deville  in  1859 
first  fused  Pt  with  the  O-H  gas  blowpipe  in  a  lime  crucible.  Small  crucibles  are 
prepared  by  turning  a  piece  of  well-burnt  lime  in  a  lathe.  Large  crucibles  are 
made  by  ramming  finely-divided  carbon  into  a  clay  crudble,  reaming  out  a 
cavity  so  as  to  leave  a  lining  0.5  in.  thick,  ramming  in  powdery  lime  and 
reaming  out  the  cavity  that  is  to  hold  the  charge.  Crudbles  of  dectrically 
fused  CaO  have  not  come  into  use  as  yet. 

Limestone  crushed  to  pass  a  5-  or  8-mesh  sieve  and  mixed  with  1/3  to  1/4 
of  its  volume  of  fire-clay,  or  the  natural  mixture  "marl"  (CaCOs  65-66,  AljOj 
5-7,  Si02  21-24,  FejOa  3-5,  MgCOs  1-2)*  is  commonly  used  for  lining  the  test 
of  a  cupelling  furnace.  Bone-ash  (Ca3P208  84,  CaCOs  10,  MgCOj  2,  CaFs4), 
formerly  used  for  the  same  purpose,  is  confined  almost  wholly  to  assay-cupels. 

Magnesia.^ — MgO  is  more  refractory  than  CaO,  melting  at  3,000®  C. 
(Moissan);  Goodwin-Mailey^  found  a  lower  figure,  1,910^  C.  It  has  always 
been  held  that  MgO  could  not  be  reduced  to  Mg  by  C;  this  is  still  true  in  part 
Watts^  found  that  the  reaction  MgOH-C*=^MgH-CO  was  reversible,  at  a  hig^ 
temperature  it  went  from  left  to  right,  and  at  a  low  from  right  to  left. 

The  raw  material  is  magnesite,  MgCOs,  with  47.6  per  cent.  MgO  which 
begins  to  lose  CO2  at  450°  C.^  Prepared  MgCOs  gives  up  COi  at  a  lower 
temperature.  Magnesia  crudbles  are  used  in  the  laboratory.  *  Calcined  magne- 
site is  used  in  the  form  of  sand  and  brick  in  basic  open-hearth  furnaces;  brick 
are  occasionally  employed  in  furnaces  for  softening,  refining  and  cupelling  lead, 
and  for  smelting,  converting  and  refining  copper.  The  leading  deposits  occur  in 
Veitsch,  Styria,  and  Euboea,  Greece.  Some  magnesite  is  mined  in  Hungary,** 
India**  and  in  California.**    Styrian  magnesite*'  averages:  MgCOs  90.0  to  96.0, 

^Tr,  A,  I,  M,  £.,  1898,  XXVIII,  435, 
'Norton  Co.,  Mei.  Chem.  Eng,f  1911,  DC,  225. 

Boeck,  Metallurgies  1912,  DC,  341. 

Fitzgerald,  Met,  Chem,  Eng.j  1912,  x,  128. 

•  Havard,  Basic  Refractory  Materials,  Eng,  Min,  7.,  1908,  ucxxvi,  803 

•  Kerl-Wimmer,  Berg.  Hiittenm.  Z.,  1853,  xii,  245,  246. 
Scherr,  R.,  "Der  Magncsit,"  Hartleben,  Vienna-Liepsic,  1908. 

•  Scherr,  R.,  "Der  Magnesit,"  Hartleben,  Vienna,  1908. 

•  Trans,  Am,  Elcclrochem.  SoCj  1906,  rx,  89. 
'  Tr.  Am,  Eleclrockem,  Soc,^  1907,  xi,  279. 

•  Brill,  Zt.  phys,  Chem.,  1905,  XLV,  283. 

•  Watts,  3/ in.  5c.,  191 2,  Lxvi,  413. 
*®  Stahl  u.  Eisetif  1909,  xxix,  294. 

"  /.  Soc.  Chem,  Ind.,  1909,  xx\'in,  503;  Thonind.  Z.,  1909,  xxxiii,  1416. 
'*  Eng.  Mag.f  1906,  xxxi,  691;  Bull.  355,  U.  S.  Geol.  Surv.,  1908. 
"  Bischof,  Oest,  Zt.  Berg.  Uuttcnw.y  1893,  xu,  27. 
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CaCOs  0.5  to  2.0,  FesOs  3.0  to  6.0,  SiOs  up  to  i.o,  MnsOs  up  to  0.5  per  cent. 
Grecian  magnesite^  contains  MgCOs  95.1SI1  CaCOa  4.02,  FcjOs  trace,  Si02  0.5, 
HiO  0.34;  an  average  analysis  of  4,300  tons  sintered  Styrian  magnesite*  gave 
MgO  85.30,  CaO  1.76,  FejOs  7.79,  SiOj  3.40,  AI2O3  0.82;  calcined  Grecian  mag- 
nesite'  has  the  following  range  of  composition:  MgO  82.46  to  95.36,  CaO  0.83  to 
10.92,  Fe2(Al2)Oa  0.56  to  3.54,  Si02  0.7  to  7.98.*  Styrian  magnesite  has  a  suffi- 
cient amount  of  impurity  to  cause  it  to  sinter  when  it  is  calcined.  The  sintering 
is  believed  to  be  caused  mainly  by  the  Fe*  that  is  present.  This  property  causes 
it  to  be  preferred  as  a  refractory  material  to  the  piu-er  Grecian  which  does  not 
sinter,  but  crumbles  after  it  has  been  calcined. 

Grecian  magnesite  is  often  calcined  in  retorts  to  obtain  the  CO2  for  the  manu- 
facture of  effervescent  beverages;  the  residue  is  then  re-calcined  at  an  elevated 
temperature  and  used  either  to  tone  up  low-grade  magnesite  or  made  into  brick 
with  serpentine  as  a  bonding  material.^  When  magnesite  is  calcined  at  a  red 
heat^  it  loses  its  COs  (more  readily  than  CaCOs) ;  it  shrinks  considerably,  but 
sUli  retains  the  property  of  forming  with  H2O  a  Mg(0H)2  which  is  slightly  plastic 
and  can  be  molded  under  a  high  pressure.  When  calcined  at  a  high  white  heat,' 
its  shrinkage  amounts  to  50  per  cent.,  and  the  residue  is  hard,  dense,  and  has 
lost  all  plasticity  and  nearly  all  shrinking  power;  it  is  not  attacked  by  CO2  or 
HsO  at  ordinary,  nor  by  Si02  at  elevated  temperatures.  The  method  of  making 
a  brick  mixture  of  soft-  and  hard-burnt  magnesite  imder  a  high  pressure  has 
fallen  into  disuse  on  account  of  the  high  shrinkage  in  burning.* 

In  the  present  mode  of  manufacture*®  hard-burnt  magnesite  is  used  exclu- 
sively. When  this  is  exposed  to  the  air,  the  lime  present  will  slake  and  can  be 
in  part  removed  by  cobbing  and  blowing  off  the  dust.  Burnt  magnesite  to  be 
used  for  tamping  must  be  protected  from  moisture.  The  dense  burning**  of 
magnesite  is  carried  in  direct  or  gas-fired  shaft  furnaces  and  continuous  gas- 
fired  kilns,  such  as  the  Mendenheim  (p.  361);  the  range  of  temperature  lies 
between  Seger  cones  Nos.  17  and  24.  The  calcined  material  is  broken  in 
crushers,  pulverized  in  ball  mills  to  1.5  mm.,  moistened  with  4  to  5  per  cent, 
water,  thoroughly  pugged,  molded  in  a  hydraulic  press  with  steel  shoes  and  dies 
at  a  pressure  of  400  tons,  air-dried  and  burnt  at  Seger  cone  Nos.  18  to  22;  some 
varieties  are  burnt  at  cone  No.  26.  The  bricks  have  a  reddish  color,  are  hard, 
strong,  give  a  clear  ring,  are  porous  (20  per  cent,  absorption),  have  a  specific 
gravity  3.03  to  3.05;  they,  however,  still  shrink  at  the  temperature  of  the  open- 

*  McGinley,  Eng.  Min.  /.,  1899,  Lxvni,  665. 

*  Wedding,  StM  u.  Risen,  1893,  xin,  283. 

'  Bischof,  OesL  Zt.  Berg,,  HiUienw,  1893,  xli,  27. 

*  Collection  of  Analyses,  Min,  Ind.,  191 1,  xx,  498. 

*  Bldchsteiner,  Oest.  Zt,  Berg,  Hilitenw.,  1892,  xl,  355,  486. 

*  Schmatolla,  Thonind,  Z,,  1900,  xxiv,  1470. 
^  Caron,  Compt,  rend.,  1868,  lxvi,  839. 

*  Fitzgerald,  Met,  Chem,  Eng.,  1912,  x,  131. 

*  Schimm,  Thonind.  Z.,  1905,  xxrx,  1968,  1981;  Stahl  u,  Eisen,  1906,  xxvi,  303. 
*•  Hdrhager,  Stahl  u.  Eisen,  191 1,  xxx,  95«). 

**  Schmatolla,  Thonind.  Z.,  1900,  xxiv,  1470. 
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hearth  furnace.  They  scale  when  subjected  to  sudden  change  of  temperature.^ 
As  manufactured  by  the  Harbeson- Walker  Refractories  Co.  the  brick  expand 
in  the  furnace.  Kanolt^  foimd  their  melting-point  to  be  2,165®  C.  Brown' 
found  that  at  1,550°  C.  the  brick  yielded  suddenly  to  a  sheering  stress.  The 
heat  conductivity*  is  greater  than  with  either  of  fire-clay  or  silica  brick  (Table 
144). 

Table  148. — Analyses  op  Magnesfte  Brick 


Locality 


MgO 


CaO     PetOa  I  AliOt   MniOi 


SiO] 


PtOi 


Styria. 


Norway. 


Greece. 


U.S. 


85.31 
83.6 


86.  s 


93.03 


U.  S 87.66 

U.  S I  90.22 


tr. 


3.76 


4.20 


9- 


4.6 


OS 


a.o 


6.  64 


o.  7a 


1. 19     8.10 
0.00  I  6.60 


1. 19 
1.68 


0.5a 
0.0s 



4-70 

9.3 

3.10 

a. 16 

a.  OS 
1.38 

0.003 

0.046 

PitUburgh  Testing  Labo- 
ratory. 

EUOrochem.  MtL  Inl, 
1906,  IV,  30. 

TV.  A.  /.  M.  £..  1896. 
XXVI,  a63. 

Tr.  A.  /.  Jf.  JL.'Wq^ 
XXVI.  363. 

Private  notes. 

Private  notea. 


The  mortar  used  in  laying  the  brick  is  a  slurry  of  fine  magnesite,  which  has  been 
calcined  but  not  fritted,  with  tar  or  linseed  oil.  Only  hard-burnt  magnesite 
can  be  used  for  tamping  in  a  hearth;  the  binder  is  either  tar  freed  from  water  or 
preferably  finely  ground  calcined,  but  not  fritted,  magnesite.  Several  attempts 
have  been  made  to  use  prepared  MgO  as  a  refractory  material,  but  without 
success. 

Dolomite  is  used  as  a  refractory  material  in  the  natural  state  for  the  same 
purposes  as  is  limestone.  Calcined  dolomite  came  into  prominence  in  1878 
with  the  introduction  of  the  basic  Bessemer  and  the  basic  open-hearth  processes. 
It  is  used  in  the  form  of  sand,  to  be  rammed  or  burnt  in,  and  in  the  form  of 
brick.  Normal  dolomite,  (MgCa)C03,  contains  MgO  21.7  and  CaO  30.4  per 
cent.  The  ratio  of  MgO  and  CaO  varies  in  different  localities;  the  range  of 
composition  is  MgO  16  to  22,  CaO  28  to  36,  AUOa  o  to  4,  FejOs  0.3  to  4,  SiOi 
0.5  to  4,  CO2  43  to  48  per  cent.  Within  limits,  the  richer  in  MgO,  the  more 
valuable  the  stone.  ^  The  presence  of  about  20  per  cent.  CaO  has  been  found  to 
be  of  importance;^  further  the  rock  ought  not  contain  over  4  per  cent.  Fe(Ali)Oi 
nor  over  3  per  cent.  Si02,  if  it  is  to  serve  as  a  refractory  material. 

*  Eng.  Min.  7.,  1912,  xcrv,  1018. 

*  Technology  Paper  10,  U.  S.  Bureau  of  Standards,  191 2;  Proc.  vni,  Internal.  Cong.  Appl. 
Chem.,  1912,  Vol.  xxii,  p.  171. 

'  Tr.  Am.  Ceram.  Soc.j  19 12,  xrv,  391. 

*  Massenez,  Stahl  u.  Risen,  1881,  i,  99. 
Ramdohr,  Thonind.  Z.,  1883,  vir,  4. 
Pennock,  Tr.  A.  I.  M.  E.,  1896,  xxvr,  263. 

*  Zyromski,  Compt.  rend.  Soc.  hid.  Min.,  1886,  p.  106.     Stahl  u.  Risen,  1886,  vi,  623. 

*  Zyromski,  I.  c. 

Editor,  Thonind.  Z.,  1900,  rv',  638. 
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Table  149. — Analyses  of  Dolomite  used  in  Basic  Steel  Processes 


Tenn. 


Pa. 


Pa. 
(Read- 
ing) 


Pa. 


Sweden 


France 
Beaa^ges 


England 
White- 
haven 


Germany 


Hdrde 


Duisburg 
calcined 


SiOr. 

PetOi. 

AlsOs. 

MnO. 

MgO. 

CaO.. 

PiOi.. 

S 


I      a* 


5.53 
74 


19.  so 
39-60 


17.31 
29.20 


COi. 
HiO. 
Ref. 


4S.XI      \ 

li 

(I)      I 


43.83 
(7) 


3.6s 
0.9X 

0.71 


20.43 
30.36 


(8) 


0.77 
O.IO 


ax -39 
30.64 


(8) 


} 


3.70 
0.88 


20.4 
30.24 
0.022 


46.24 
(2) 


X.66 
0.82 
X.04 
0.36 

19. IS 
30.08 
0.007 
0.034 


(2) 


} 


3.80 
4.00 


17-0 
28.0 


45. o 


(3) 


} 


I.XO 

1. 14 


20.0 

31.42 


X.3S 
0.29 
2.0s 


X9-2I 
30.12 


46.2 


(4) 


44-97 
2.00 

(S) 


S-S8 
2.84 

X-34 


35-12 
55-27 


(6) 


(x)  Iron  Age,  1894,  LIII,  845;  (2)  Thonind.Z.,  X900.  XXIV.  638;  (3)  CompL  rend.  Soc.  Ind.  Min.,  1886, 
106;  (4)  Harbord.  "Steel."  p.  58;  (s)  Ledcbur,  "Eisenhattcnkunde."  4th  ed.,  p.  187;  (6)  Stahl  u.  Risen, 
1882.  II.X30;  (7)  Harbison- Walker  Refractories  Co.;  (8)  Private  notes. 

Dolomite  is  calcined^  in  a  cupola  similar  to  that  used  in  melting  pig  iron, 
excepting  that  near  the  bottom  there  are  four  to  six  drawing  doors  to  remove 
the  caldned  material.  A  cupola  is  used,  as  it  is  essential  to  calcine  at  a  white 
heat  in  order  that  the  product  may  be  slightly  fritted  and  thus  the  property  of 
slaking  impaired.  Such  a  cupola  has,  e.g.,  the  following  dimensions:  inside 
diam.  6  ft.,  height  to  tuyeres  4  ft.  and  to  feed-door  16  ft.;  there  are  eight  4-in. 
tuyeres;  the  lower  5  ft.  of  the  cupola  are  lined  with  dolomite,  the  rest  with  fire- 
brick followed  by  red  brick;  the  capacity  for  24  hr.  is  14  tons  calcined  material. 
A  larger  cupola  has  the  following  dimensions:  inside  diam.  9  ft.,  height  to  tuyeres 
5  ft.  and  to  feed-door  14  ft.,  7  tuyeres,  4  in.  diam.  The  shell  is  lined  with  4  1/2 
in.  day  and  followed  by  9  in.  of  chrome  brick  in  the  hot  zone;  the  rest  is  red 
brick;  the  capadty  per  24  hr.  is  30  tons  dolomite;  the  coke  consumption  20  per 
cent,  on  dolomite.  In  starting,  the  cupola  is  half  filled  with  coke,  then  follow 
alternate  layers  of  dolomite  (first-size)  and  coke.  The  caldned  material  is 
sorted  to  remove  imperfectly  calcined  parts  which  are  returned  to  the  furnace. 
The  well  calcined  part  is  crushed  in  a  dry-pan  to  pass  a  1/4-in.  sieve  and  is  then 
ready  to  be  burnt  in  for  a  furnace-bottom,  or  it  is  mixed  with  7  to  10  per  cent, 
dehydrated  tar  in  a  steam-heated  pan  by  hand  or  preferably  mechanically 
to  a  mass  which  is  plastic  while  warm  and  hardens  upon  cooling.  The  mixture 
is  ready  to  be  rammed  in  or  it  is  formed  into  bricks  which  are  kiln-burnt  and  then 
laid  with  a  mortar  consisting  of  burnt  dolomite-dust  and  dehydrated  tar. 
Dolomite  brick  are  not  much  used  now.^ 

164.  Chromite  and  Chrome-brick. — Chromite,'  FeCr204,  contains  Cr208 
68.0  and  FeO  32.0  per  cent.,  usually  the  Cr203  is  replaced  in  part  by  AI2O3  and 

*  Gerson,  Plant  of  Osnabriick,  Slahl  u.  Risen,  1907,  xx\'ii,  1066. 

'Examples:  Pottstown  (Pa.)  Basic  Bessemer  Plant,  Iron  Age,  May  28,  1891;  Tr.  A,  /. 
M.  E,f  1892-93,  XXI,  745;  Drawing  of  Brick-plant,  Stahl  u.  Risen,  1902,  xxii,  1201. 
•Pratt,  Eng,  Min,  J,,  1898,  ixvi,  696. 
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Fe208,  and  the  FeO  by  MgO.  The  ore^  contains  CriOa  38  to  40,  Al^Oi  24.5, 
FeaOs  17.5,  SiO,3.25,  MgO  15  per  cent.  The  mineral  is  infusible  inC-heatcd 
furnaces,  melting  at  2,180  ^  C.^,  and  little  attacked  by  add  or  basic  slags. 

Experiments  by  Simonis'  in  determining  the  effect  of  Zettlitz  kaolin  (Table 
142,  melting  at  Seger  cone  No.  35)  upon  chromite  (CraOs  52.9,  FeO  22.6,  Al^Ot 
4.8,  SiOa  9.6,  MgO  10. 1,  melting  at  Seger  cone  No.  42)  gave  a  V-shaped  curve 
with  the  eutectic  point  at  Seger  cone  No.  15,  the  mixture  containing  3$  per 
cent,  kaolin. 

Chromite  was  first  used  in  the  shape  of  blocks  to  form  in  the  basic  open- 
hearth  furnace  the  neutral  joint  between  the  add  (silica  brick)  roof  and  the  basic 
bottom  (caldned  dolomite),  the  mortar  employed  being  a  mixture  of  chromite 
fines. 

Chromite  brick  have  replaced  the  blocks;  they  are  also  used  quite  extensivdy 
in  building  up  the  bottom  of  copper*  and  copper-nickel  blast-furnaces,  in  the 
sides  of  copper  refining  furnaces,  and  as  shown  above  in  lining  the  hot-zone  of 
the  cupola  for  calcining  dolomite.  Chromic  iron  ore'^  is  mined  mainly  in  Greece,* 
Turkey,^  Asia  Minor,*  Russia,  New  Caledonia,  New  South  Wales  and  Canada;* 
some  ore  is  produced  in  California^®  and  Newfoundland.  It  contains^^  CrjOi 
40  to  50  per  cent.,  Fe20a  and  AI2O3  about  20  per  cent.,  MgO  10  to  15  per  cent., 
Si02  3  to  6  per  cent. 

For  the  manufacture  of  chrome  brick,  crushed  chromite  or  concentrate  is 
mixed  with  the  necessary  bond,  molded  by  hand  or  machinery  (similarly  to 
*  magnesite  brick)  dried  and  baked.  The  bond  used  is  day,  CaO  and  MgO,  as 
the  refractory  serpentine  rock,  in  which  the  mineral  usually  occurs,  combines 
with  these  materials  and  holds  firmly  together  the  partides  of  chromite. "  Seger- 
Cramer^'  patented  the  addition  of  2  per  cent.  CaS04  and  i  per  cent.  AI2.3SO4 
(=0.85  per  cent.  CaO  and  0.151  per  cent.  AI2O3)  to  the  crushed  chromite,  which 
renders  the  fine  ore  sufficiently  plastic  to  permit  its  bdng  molded.  The  sul- 
phates are  decomposed  by  heat  and  the  small  addition  of  fluxes  does  not  greatly 
reduce  the  refractoriness. 

*  Harbison-Walker  Refractories  Co.,  Pittsburgh,  1909.     "A  Study  of  the  Open  Hearth/' 
p.  22. 

*  Kanolt,  Technolog.  Paper  10,  U.  S.  Bureau  Standards,  191 2. 

*  Stahl  u.  Eisen,  1908,  xxvni,  334. 

*  Glenn,  Tr,  A.  L  M.  £.,  1901,  xxxi,  374. 
'  Min.  World,  191 1,  xxxiv,  883. 

*  Habets-Bonanos,  Rev,  Un.  Min.,  1908,  xxi,  129,  139. 
"^  Eng.  Min,  /.,  1902,  Lxxiv,  275. 

■  Tr,  InstU.  Min,  Met,^  1894-95,  ra,  448. 

*  J.  Can,  Min,  Inst.,  1899,  11,  25;  Gen,  Min,  Assoc.  Quebec,  1894-95,  n,  108. 
F.  Crickel,  "Chrome  Iron  Ore  Deposits  of  Quebec,"  Ottawa,  1909. 

"  Min.  Sc.  Press,  1897,  lxxiv,  301;  Cal.  State  Min.  Bureau  Rep.,  1895-96,  xm,  490. 
"  Analyses:  Leo,  Staid  u,  Eisen,  1891,  xi,  643;  Busek,  Thonind,  Z.,  1893,  xvn,  372,  397; 
Steger,  Zt.  Berg,  Hiiiten.  Sal.  Wesen  i.  Pr.,  1901,  xux,  101;  Min,  Ind,,  1905,  xiv,  72;  i9ii,xx, 

"5. 

^'  Lundstrom,  Berg,  HUtienm,  Z.,  1890,  XLix,  316. 
**  Thonind,  Z.,  1893,  xvn,  1144. 
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Table 

150. — i 

\nalyses  of 

Chrome-brick 

Locality 

SiOs 

CtjOi 

FttOi 

AltOi 

CaO 

MgO 

Authority 

? 

? 

5.23 
9.20 

10.93 

• 

35.80 

29- XO 

43.17 

XS.26 
x6.X4 
28.4 

31.28 
2X.36 
IX.  60 

0.91 

O.OI 

tr. 

XI.  43 
24.13 
21.20 

Seger,  "Sprechsaal."  i893f  p.  X07  5- 
Bischof,  Collected  Analyses,  p.  143. 
Private  notes,  19x3. 

Chrome  brick  melts  at  2,050®  C.,*  becomes  mechanically  weak  at  1,450**, 
expands  considerably  upon  heating,'  and  is  a  good  conductor  of  heat  (Table 

144)- 

165.  Caibon,  Brasquei  Carbon  Bricks. — The  property  C  possesses  of  not 

being  attacked  by  heat,*  change  of  temperature  and  slags,  makes  it  suitable  for 
refractory  purposes  under  reducing  conditions.  The  three  available  forms  of 
C  are  charcoal,  coke,  and  graphite. 

Graphite^  is  iron-black  to  dark  steel-gray,  opaque,  soft,  has  a  greasy  feel 
and  a  metallic  luster  when  scaly,  but  is  dull  when  earthy;  it  is  a  good  conductor 
of  heat  and  dectridty,  has  a  high  heat  capacity,  burns  very  slowly  in  air,  is  not 
attacked  by  acids  or  alkali  solutions,  is  oxidized  by  heating  with  KNOs  or  boil- 
ing with  KCr04  and  H2SO4.  As  graphite  ores  are  usually  low-grade,  they  have 
to  be  enriched  by  combined  wet  and  dry  concentration  processes  to  furnish  a 
product  of  the  required  grade  of  60  to  70  per  cent.  C.  The  purest  graphite 
mined  is  that  of  Ceylon  with  about  70  per  cent.  C;  it  is  especially  adapted  for 
the  manufacture  of  refractory  articles,  as,  owing  to  its  irregular  fracture,  the 
particles  are  more  strongly  bound  together  by  the  fire-clay  cementing  material 
than  is  concentrated  graphite  which  has  a  flaky  to  earthy  character.  The  arti- 
ficial graphite  of  the  International  Acheson  Graphite  Co.,  Niagara  Falls,  N.  Y.,^ 
is  used  in  the  manufacture  of  paint,  stove  polish,  lubricant,  electrical  and  chemical 
carbons.  A  later  product  is  the  "Deflocculated  Graphite"  of  Acheson.'  The 
use  of  charcoal  and  coke  in  the  preparation  of  brasque  has  been  referred  to  in 


^  Kanolt,  he,  cii. 

Brown,  Tr.  Am,  Ceram.  Soc,  1912,  xiv,  391. 
'  Shdby,  Eng,  Min,  /.,  1008,  ixxxv,  851. 

*  Borchers,  "Fusion  (?)  of  Carbon,"  MeUUlurgie,  1912,  ix,  230. 

^  Weinschenk,  £.,  "Der  Graphit,"  Druckerei,  A.  G.,  Hamburg,  1898. 
Donath,  £.,  "Der  Graphit,"  Deuticke,  LeipsioHanover,  1904. 
Escard,  J.,  "Le  Carbon,"  Dunod,  Paris,  1906. 

Cirkd,  F.,  "Graphite,  Its  Properties,  Occurrence,  Refining  ancK  Uses,"  Department  of 
Mines,  Ottawa,  1907. 

M^ne,  Compt.  Rend,,  1867,  ixiv,  1091. 

Downes,  W.  F.,  Iron  Age,  1900,  April  19,  May  3,  10,  24,  June  14. 

Donath,  Si4M  u,  Eisen,  1906,  xxvi,  1249. 

*  Fitzgerald,  F.  A.  J.,  '*  Kttnstlicher  Graphit,"  Knapp,  Halle,  1904;  Eng.  Min,  J,,  1903, 
Jjocv,  484. 

Donath,  Stakl  u.  Eisen,  1906,  xxvi,  1249. 

*  Acheson,  /.  Frankl,  Inst,,  1907,  cuciv,  375;  Electrochem,  Met,  Ind,,  1902,  i,  52;  1909,  vn. 
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§159.     Carbon  brick^  have  been  made  of  graphite  and  clay,  coke  and  day, 
coke  and  pitch.* 

Table  151. — Analyses  of  Carbon  Brick 


Kind 

C 

64  23 
87.26 

SiO, 

21.51 

FeiOs 

1.41 

AlaO, 

CaO 

MgO 

Ash 

Reference 

Coke-day 

Coke-pitch 

12.05 

0.67 

0.29 

12.74 

Gayley,  Tr,  A.  I 

J/.  £.,  1892-93. 
XXI,  116. 

At  present  coke-pitch  brick  are  being  mainly  manufactured.  The  coke,  as  free 
from  ash  as  possible,  is  ground  in  a  ball-mill  to  k  limiting  size  of  2  mm.  and 
pugged  with  about  20  per  cent,  tar,  freed  from  water  and  light  oils,  in  a  horizontal 
open-mouth  mill  heated  from  below.  The  mixture  is  rammed  hot  with  heated 
tools  into  wooden  molds  painted  with  residuum  oil.  The  bricks  are  removed  at 
once  from  the  molds,  the  tiles  after  half  a  day,  when  they  have  come  to  set;  they 
are  then  kept  for  2  or  3  weeks  in  a  cool  chamber  and  baked  in  a  built-up 
muffle  at  the  temperature  of  Seger  cone  No.  10.  The  bottom  of  the  muffle 
receives  a  layer  of  4  to  8  in.  coke  crushed  to  1/16  in.  size. 

The  bricks  are  placed  on  this  2  in.  apart  and  from  the  side- wall;  the  open 
spaces  are  filled  with  coke  which  is  tamped  down,  as  in  heating  the  bricks  soften 
and  do  not  retain  their  shape  unless  supported.  A  good  coke  brick  should 
show  a  crushing  strength  of  4,600  lb.  per  sq.  in.,  have  a  specific  gravity  of  1.2  to 
1.4  and  give  a  clear  ring  when  struck;  the  fracture  should  be  fine-grained  and 
free  from  pores.  The  mortar  used  in  laying  the  brick  consists  of  two  parts 
coke  dust  and  i  part  clay. 

Graphite^  clay  mixtures  are  used  in  the  manufacture  of  crucibles,* 
retorts,  nozzles  for  steel  ladles,  etc.  Their  heat  conductivity  (Table  144)  is 
twelve  times  that  of  a  fire-clay  mixture.^  The  Joseph  Dixon  Crucible  Co.^  uses 
for  crucibles^  a  mixture  of  50  per  cent,  graphite,  7,7^  per  cent,  air-dried  fire-day 
and  17  per  cent,  fire-sand.  The  graphite  is  ground  to  pass  screens  ranging 
from  40-  to  loo-mesh,  and  the  sand  through  a  40-mesh  sieve.     Coarse  materials 

*  Raymond,  Tr.  A.  I.  M.  E.,  1896,  xxvi,  185. 

*  Hofman,  Min  Ind.,  1893,  i^  435- 

'  Haenig,  A.,  "Dcr  Graphit,"  Hartlebcn,  Vienna,  1910. 
Ihne,  Graphite  in  the  U.  S.,  Min.  Sc,  1909,  lx,  297,  316,  343. 

Roush,  Microscopical  Examination,  /.  Ind.  Eng.  Chcm.y  191 2,  in,  368;  MetaUurgie,  191 2, 
DC,  166. 

Le  Chatelier-Wolgodine,  ''Specific  Gravity,'*  Rev.  MH.,  1968,  v,  140. 
Bastin,  *' Ceylon  Graphite,"  Econ.  Geol.,  1912,  vii,  419. 

*  Brass  World,  1911,  vii,  307. 

*  Pourcel,  Stahl  u.  Eisen,  1885,  v,  484,  col.  i. 

*  Min.  Ind.y  1893,  11,  341. 

^Walker,  Manufacture  and  Care  of  Crucibles,  J.  Am.  Found,  Assoc,  through  Iron  Age, 
May  2o,  1897,  p.  16. 
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make  a  crucible  too  porous;  fine  materials  too  dense  and  likely  to  crack.  The 
clay  is  mixed  with  water  to  form  a  fine  paste,  sand  and  graphite  are  stirred  in; 
the  whole  is  pugged  and  then  tempered  for  several  weeks.  The  crucibles  are 
molded  on  a  wheel  which  places  the  graphite  flakes  tangentially  and  causes  the 
mass  to  bind  better  than  when  crucibles  are  made  in  a  press.  They  are  then 
placed  in  a  plaster  mold  for  3  hr.  in  which  time  part  of  the  water  is  absorbed, 
dried  for  i  week  at  30°  C,  then  for  another  week  or  longer  at  60°  C.  and  burnt 
slowly  in  a  pottery  kiln  reaching  Seger  cone  on  to  07.  In  crucibles  used  for 
making  crucible  steel,  which  under  any  circumstances  last  only  a  few  charges,^ 
earthy  graphite  is  used  more  extensively  than  in  crucibles  used  for  melting  non- 
ferrous  metals  and  alloys,  as  these  last  for  40  to  60  fusions.^  Retorts  and 
nozzles  are  made  of  mixtures  similar  to  those  used  for  crucibles. 


Table  152. — Analyses  op  Graphite  Crucibles  (a) 


Kind 


English     Morgan     German      Hessian 


Austrian 


SiO, 

A1,0, 

FcfO, 

PtO» 

C 

H,0 

CaO 

K/) 

Loss 

Reference. 


50.0 
20.0 

1-5 


3709 
14.58 


25.5 
30 

0.5 


44.40 
2.92 


0.5 
(3) 


33 
I  12-13 


48-50 


(4) 


(5) 


2591 
11.26 

0.51 


58.24 

2.77 
tr. 


(4) 


13.04 
6.12 

0.44 
o.oi 

77-80 
I-.95 

0.43 
(6) 


{a)Tonind.  Z.,  1908,  xxxii,  225,  498. 

(3)  Mine,  Compt.  rend,^  1867,  lxiv,    1091.     (4)  Kerl-Cramer-Hecht,   op.  cit.j  p.   954. 
(s)  J,  Am.  Pound,  Assoc. ^  1901-02,  x,  3,  53.     (6)  Elcctrochem.  Met.  Ind.,  1909,  vii,  82. 


SiLOXicoN*  (Si2C20  ?  )  of  Acheson,  produced  in  an  electric  furnace  at  about 
2,500°  C,  practically  imperfect  carborundum,  is  a  greenish  substance  which  is 
very  refractory,  insoluble  in  molten  metal  and  not  attacked  by  slags;  it  is  de- 
composed in  the  dry  way  by  alkali,  oxidized  in  O  at  1,500°  C,  and  dissociated 
at  3,000°  C.  An  analysis  gave  Si  57.7,  C  25.9,  Fe  2.1,  Al  0.4,  Ca  and  Mg  tr., 
O  by  diff.  13.9.  It  can  be  shaped  by  using  2  per  cent.  AI2O3  as  a  bonding  mate- 
rial and  baked  below  Soger  cone  No.  19;  an  addition  of  5  per  cent,  clay  gives 
additional  strength  to  the  molded  articles.  An  analysis  of  siloxicon  brick  gave: 
SiOj  46.26,  AI2O3  8.42,  Fe203  1.20,  C  10.68,  Si  and  other  elements  in  combina- 
tion 21.36. 

*  Spcrry,  Life  of  Crucibles,  Brass  World,  1908,  i\ ,  75. 

*  Annealing  Crucibles,  MetaJ  Ind.,  1907,  rv,  293. 

*  EUdrochem.  Ind.,  1903,  i,  287,  373;  1904,  iii,  442;  1909,  vii,  191. 
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Carborundum,*  SiC,  is  produced  by  the  reduction  of  SiOj  by  means  of  C 
at  1,820^  C.'in  an  electric  resistance furnace,and  dissociated  at  2,220  to  2,245° 
C  It  is  a  crystallized  substance  ranging  in  color  from  pale  ydlow-green  to 
emerald-green;  has  a  specific  gravity  3.12  to  3.22,  hardness  9  to  10  (used  mainly 
as  an  abrasive  material) ;  is  infusible  in  metallurgical  furnaces,  not  attacked  by 
acids  (even  HF)  by  heating  in  O,  slightly  attacked  by  caustic  alkali,  decom- 
posed by  fusion  with  Na2C08.  It  has  been  used  as  a  paint  to  protect  fire- 
brick. 

Siloxicon,^  Silundum,^  Crystolon*  resemble  carborundum  in  their  properties. 

Kryptol^  is  a  fire-  and  electric-current  resisting  material  made  up  by  mix- 
ing graphite,  carborundum  (?)  and  day  in  proportions  to  form  a  granular  mass 
which  yields  upon  combustion  0.24  to  0.60  per  cent.  ash. 

166.  Metal. — ^The  best  manner  of  protecting  a  refractory  material  against 
heat  and  p3rrochemical  corrosion  is  to  keep  it  cool.  This  is  done  by  backing 
it  with  metal  which  in  its  turn  is  prevented  from  becoming  heated  by  means  of 
a  stream  of  water.  The  metals  employed  are  wrought  iron,  low-C  sted,  cast 
steel,  cast-iron,  bronze  and  Cu.  Sometimes  a  water-cooled  pipe  is  placed  in 
the  brickwork  (cupelling-f  urnaces)  or  a  water-box  (bosh-plate  in  the  iron  blast- 
furnace) ;  the  outside  of  brickwork  is  enclosed  by  a  steel  plate  over  which  water 
flows  (spray-jacket);  part  of  the  brick  is  replaced  by  a  water-box  (water- 
jackets  of  lead  blast-furnaces);  in  most  copper  blast-furnaces  the  whole  shaft  is 
made  up  of  water-jackets;  the  material  which  is  chilled  on  the  water-coded 
metal  forms  a  natural  refractory  lining. 

*  Acheson,  /.  Frankl.  Inst.y  1893,  cxxxvi,  194. 
Fitzgerald,  op,  cit.t  1897,  cxmi,  81. 
Blake,  Eng.  Min.  /.,  1893,  LVi,  270,  320. 
Fitzgerald,  Cass.  Mag.y  1895-96,  rx,  386. 
Editor,  Electrochem.  Met.  Ind.y  1909,  vii,  189. 

*  Met.  Chem.  Eng.y  191 1,  rx,  613;  191 2,  x,  289. 
'  Saunders,  Met.  Chem.  Eng.y  191 2,  x,  289. 

*  Met,  Chem,  Eng.y  191 1,  ix,  613. 

*  Electrochem,  Met,  Ind.y  1909,  vii,  24;  Zt.  Electrochem. y  1909,  xv,  725. 

*  Met,  Chem,  Eng,y  191 2,  x,  128. 

'  Fitzgerdd,  Electrochem.  Met.  Ind.y  1905,  in,  5;  1906,  iv,  210. 
Voelker,  Verh.  Ver.  Bef.  Gew.y  1904,  lxxxiii,  102. 
BronUy  Electrotech.Ztschft.y  1906,  xxvii,  213. 
Rodgers,  Iron  Age,  1909,  Lxxxiv,  1482  (Foundry). 
Baraduc-Miiller,  Rev.  Mil.,  1909,  vi,  700;  Tonind.  Z.,  1910,  xxxiv,  890,  905. 


CHAPTER  Vm 

PYROlfETALLURGICAL  PROCESSES  AND  APPARATUS 

167.  Processes  and  Apparatus  in  General. — All  processes  outlined  under 
this  head  are  carried  on  at  elevated  temperatures.  The  heat  may  be  raised 
only  sufficiently  to  drive  oflf  hygroscopic  water  and  thus  dry  a  substance;  it  may 
be  high  enough  to  remove  combined  water  and  other  volatile  components  by 
calcining;  a  chemical  change  may  be  e£Fected  below  fusion  by  roastingj  or  at  . 
fusion  by  smelting,  or  separations  may  be  accomplished  by  liquation,  crystal- 
lization,  distillation  and  sublimation;  lastly  metals  or  alloys  may  be  sub- 
jected to  various  heat  treatments  in  order  to  influence  their  structure  and  physical 
properties. 

These  operations  are  carried  on  in  different  kinds  of  furnaces  which  have 
been  classified  according  to  the  manner  of  heating  and  the  kind  of  fuel  used, 
according  to  the  form,  and  the  metallurgical  processes  carried  on.  In  the  fol- 
lowing general  statement  the  manner  of  heating  has  been  given  the  first  con- 
sideration; the  form  of  the  furnace  and  the  process  carried  on  have  been  made 
subsidiary,  as  the  various  forms  merge  into  one  another  so  as  to  make  it  often 
difficult  to  determine  where  one  stops  and  the  other  begins,  and  the  process, 
although  influenced  by  the  manner  of  heating,  is  not  always  determined  either  by 
it  or  by  the  form  of  the  furnace. 

Classification  of  Furnaces 

I.  Fuel  Furnaces:* 

A.  The  charge  in  contact  with  fuel  is  heated  by  the  combustion  of  the  fuel. 

1.  Hearth  Furnaces. 

(a)  Without  blast:  heap  and  stall  for  roasting  and  coking,  trough  for 
liquating,  etc. 

(b)  With  blast:  smith's  forge,  lead  ore-hearth,  Catalan  forge,  etc. 

2.  Shaft  Furnaces. 

(a)  With  natural  draft:  calcining  and  roasting  furnaces. 

(b)  With  induced  draft:  some  cupolas. 

(c)  With  blast:  smelting  blast-furnaces,  most  cupolas. 

B.  The  charge  separate  from  fuel  is  heated  by  a  flame. 
I.  Reverberatory  Furnaces. 

(a)  With  natural  draft:  most  roasting  furnaces. 

(b)  With  forced  draft:  most  smelting  furnaces. 

.    'Ledebiir,  A.,  "Die  Oefen  fttr  Metallurgische  Zwecke,"  Craz  and  Geriach^  Freiberg,  1878. 
Havrez,  Rev.  Un.  Min.,  1862,  xi,  383,  xii,  i. 
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C.  The  charge  enclosed  in  a  vessel  is  heated  by  conduction. 

I.  Closed- vessel  (crucible-,  retort-,  tube-,  muffle-)  furnaces  heated  by 
contact  with 

(a)  Solid  fuel. 

(b)  Flame. 

(c)  Electric  current. 

D.  The  charge  containing  its  own  fuel  is  oxidized. 

1.  In  a  preheated  space. 

(a)  The  charge  is  solid:  coarse-  and  fine-ore  roasting  kiln;  beehives  for 
coking. 

(b)  The  charge  is  liquid:  Bessemer,  Manhis,  David,  etc.,  converters. 

2.  In  a  non-preheated  space:  up- and  down-draft  blast-roasting  apparatus. 

II.  Electric  Furnaces:^ 

A.  Resistance-heating  Furnaces. 

1.  Direct  resistance-heating:  the  charge  is  itself  included  in  the  electric 
circuit,  e.g,y  H6roult  aluminum-alloy  furnace.  Hall  aluminum  furnace. 
Kjellin  induction  furnace. 

2.  Indirect  resistance-heating:  the  charge  to  be  heated  is  in  contact  with 
an  electrically  heated  conductor;  it  is  piled  around  a  carbon  core  heated 
by  the  current  (Acheson  carborundum  furnace)  or  is  enclosed  in  a 
vessel  (crucible,  muffle,  tube)  wound  with  a  wire  or  ribbon  (Fe,  Ni,  Pt) 

heated  by  the  resistance  of  the  wire  to  the  current. 

B.  Arc-heating  Furnaces. 

1.  Direct  arc-heating:  the  charge  to  be  heated  forms  one  or  both  poles 
of  an  electric  arc:  Siemens  original  crucible  furnace. 

2.  Combined  resistance-  and  arc-heating,  e.g,,  the  Heroult,  Girod,  etc., 
steel  furnaces. 

3.  Indirect  arc-heating:  the  charge  to  be  heated  is  in  a  space  heated  by 
an  electric  arc:   the  Stassano  furnace. 

Hearth  Furnace. — A  hearth  furnace  is  a  structure  with  plan  area  greater 
than  elevation  area,  in  which  the  charge  is  heated  by  the  direct  action  of  the 
solid  fuel  contained  in  it  or  added  to  it.  The  simplest  form  of  hearth  worked 
without  blast  is  the  pyramidal  or  conical  heap  used  in  charring  wood  (Figs.  116 
to  120),  coking  coal  and  roasting  sulphide  copper  ore.  (Figs.  240  and  241.) 
When  three  of  the  movable  sides  of  a  pyramidal  heap  are  replaced  by  perma- 
nent walls,  there  is  formed  the  oblong  stall,  the  fourth  side  of  which  is  dosed 
by  a  temporary  wall  when  the  enclosed  space  is  being  filled;  and  taken  down 
again  when  the  charge  has  been  treated.     (Figs.  242  and  243.) 

A  Liquation  Trough  was  formerly  used  in  the  desilverization  of  argcnti- 

*  Minet,  A.,  *'Le  Four  Electrique,"  Hermann-Desforges,  Paris,  1905-1908. 
Borchers,  W.,  and  Solomon,  "Electric  Furnaces,"  Green  &  Co., London,  New  York,  i^. 
Stansfield,  A.,  "The  Electric  Furnace,"  McGravv  Hill  Book  Co.,  New  York,  1914. 
Richards,  Aluminum  Worlds  1899,  v,  105,  126,  149. 
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erous  o^pCT  by  means  of  lead.'     In  a  modified  form  the  trough  is  still  em- 
Joyed  in  southeast  Missouri  for  drossing  lead.* 

Of  the  hearths  worked  with  blast,  the  simplest  form  is  the  smith's  forge,  a 
lack-wall  with  tuyere-pipe  blowing  into  the  coal  heaped  in  front  of  it.  Placing 
.  wall  on  either  side  of  the  back-wall  and  having  a  depression  to  hold  the  liberated 


Fic.  no. — Cross-section  through  roast  heaps  for  sulphide  ore  parallel  with  elevated 
railway. 


Roast  stalls  for  sulphide  o 


netal  gives  the  typical  forms  of  a  lead  ore-hearth,  Figs.  244  and  345,  or  a  Cata- 
an  forge.    These  hearths  are  small. 

Another  type  of  blowing  ore-hearth  which  has  a  larger  capacity  is  represented 
)y  the  Wetherill  gr^te  (Fig.  ao8),  and  Bartlett  furnaces  for  producing  zinc 
rhite  and  white  zinc-lead  pigment;  a  third  type  is  represented  by  the  up-draft 

'  Percy,  "Silver  and  Gold,"  Murray,  London,  1880,  i,  303. 
i,  Minei  and  Minerals,  1901-02,  xxil.  joo. 
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blowing  kettles  employed  in  blast-roasUng  (§i88).  They  are  larger  thanwD- 
hearths,  but  stUl  work  intermittently  as  do  all  OKshearths.  The  thennil 
efficiency,  §189,  of  an  ore-hearth  is  low,  4  to  7  per  cent. 


Figs.  344  and  24$. — Lead 


Shatt  Fuknaces. — A  shaft  furnace  differs  in  construction  from  a  hearth 
furnace  in  that  the  elevation  area  is  at  least  as  large  and  usually  larger  than 
the  plan  area,  and  that  the  furnace  is  entirely  enclosed  by  permanent  walls. 
Shaft  furnaces  have  a  larger  cubical  capacity  than  hearth  furnaces  and  wtffk 
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■     continuously.    They  are  kept  filled  with  charge  which  consists  of  ore,  flux  and  1 
*      fuel;  the  material  to  be  treated  is  fed  at  intervals  at  the  top  and  a  corresponding   ' 
amount  of  product,  which  has   undergone   metallurgical   changes  during  its 
descent  through  the  shaft,  is  withdrawn  at  the  bottom.     There  is  a  column  of 
solid  charge  passing  slowly  downward  through  the  shaft;  at  the  same  time  there    , 
is  a  quickly  ascending  gas  current,  because  the  fuel  charged  with  the  ore  and  4 
flux  burns  at  or  near  the  bottom  of  the  furnace  where  the  necessary  air  is  ad-  J 
mitted,  and  the  products  of  combustion  rise  in  the  furnace.     In  doing  this,  they 
give  up  their  heat  to  the  descending  charge  and  act  chemically  upon  it  before    , 
leaving  the  furnace  at  the  top.     Hence  the  thermal  efficiency  of  a  shaft  furnace 
is  large,  reaching  30  to  50  per  cent. 

Shaft  furnaces  working  with  natural  draft  burn  little  fuel  per  unit  of  time;  i 
they  are  mainly  low- temperature  furnaces  suited  for  burning  hmestone,  calcining  | 
oxide  (zinc,  iron)  and  roasting  some  sulphide  (quicksilver)  ores.  Fig.  246,     la  j 
Spain'  they  used  to  be  operated  for  smelting  readily  fusible  oxide-lead  ores. 
account  of  the  prevailing  low  temperature,  the  furnaces  are  generally  cylindrical, 
as  this  is  the  most  desirable  form  as  re- 
gards uniform  combustion  of  fuel  and  de- 
scent of  charge;  further,  offering  the  smallest 
surface  for  a  given  area,  the  loss  of  heat  by 
radiation  is  reduced  to  the  lowest  figure. 
Shaft  furnaces  with  induced  draft  have  found 
occasional     application    in    foundry    work 
(Herbertz  cupola)  where  only  a  low-pressure 
blast  is  required   to  obtain  the  moderate 

I  temperatures  necessary  to  melt  pig-iron. 
Draft-cupolas  generally  are  also  cylindrical.  ^ — 
Shaft  furnaces  with  blast,  blast-furnaces. 
Fig.  147,  are  used  almost  exclusively  for  '  ^ 
smelting,  as  natural  or  induced  draft  does 
not  furnish  sufficient  air  per  unit  time;  the  necessary  volume  of  air  h  forced  ( 
under  pressure  into  the  furnace  through  tuyeres,  placed  in  the  side  near  the 
bottom,  and  burns  a  large  amount  of  solid  fuel  per  unit  of  time  and  area, 
and  thus  generates  the  high  temperature  required  for  smelting.  The  larger 
the  ratio  of  fuel  burnt  per  unit  time  and  unit  area  the  higher  will  be  the 
temperature.  The  tuyere  section  of  the  furnace  is  circular,  as  with  shaft 
furnaces  run  with  natural  or  induced  draft,  unless  the  pressure  required  for 
the  blast  to  penetrate  an  area  of  given  diameter  is  too  great  to  be  suited  for 
the  ore  under  treatment;  in  such  cases  the  section  should  be  oblong;  the  cir- 
cular iron  blast-furnace  and  the  oblong  lead  or  copper  blast-furnace  furnish 
characteristic  examples. 

The  cross-section  area  of  the  furnace  at  the  tuyere-  or  smelting- zone,  should 
be  smaller  than  any  other  higher  up,  as  the  combustion  has  to  be  rapid,  and  as 
with  the  disappearance  of  the  solid  fuel  and  the  shrinkage  of  the  rest  of  the 
>  Tbum,  Berg.  hUtlenn.  Z.,  1875,  xxxiv,  jSq. 
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charge,  the  volume  required  is  smaller.  The  enlarged  cross-sectioD 
above  the  tuyere  level  causes  a  retardation  of  the  ascending  gas  current  am 
this  a  better  cooling  of  the  gases  accompanied  by  a  more  effective  du 
action  upon  the  descending  cbarge-colunm.  Blast-furnaces,  as  a  ruji 
higher  than  shaft  furnaces  nm  by  natural  draft,  as  it  takes  a  longer  d 
column  to  absorb  the  greater  heat,  and  as  the  chemical  changes  in-  the  d 
usually  of  a  heat-absorbing  character,  require  considerable  time. 


Reverberatoky  Furnaces. — In  the  reverberatory  furnace,  Fig. 
flame,  produced  by  the  combustion  of  solid,  liquid  or  gaseous  fuel,  enters  tl 
oratory  or  hearth  holding  the  charge;  it  strikes  the  roof  (arch),  is  more 
deflected  (re\crberated)  downward  and  thus  heats  the  charge  either  d 
by  contact  or  indirectly  by  radiation.  The  flame  and  its  products  of  a 
tion  heat  also  the  fire- walls  which  exert  their  effect  upon  the  charge  by  rad 
In  direct-firing,  the  solid  fuel  is  usually  burnt  in  a  fireplace  separated  It* 
hearth  by  a  low  wall,  the  firc-bridgc.     Fuel  dust  (§  107)  forms  the  only  e» 
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to  this  general  statement,  as  it  is  burnt  in  the  laboratory  proper  as  is  the  case 
with  liquid  and  gaseous  fuels.  The  gases  from  the  laboratory  pass  off  either 
directly  into  a  chimney  or  after  they  have  given  up  some  of  their  heat  to  appa- 
ratus  for  raising  steam,  preheating  air  and  producer  gas,  drjing  and  warming 
refractory  vessels,  etc.  The  forms  of  the  fireplaces  for  solid  fuels  and  of  the 
hearths,  as  well  as  the  ratios  of  the  respective  areas  differ  with  the  work  that 
is  to  be  done,  and  this  embraces  practically  all  pyrometallurgical  operations. 

In  direct-firing,  the  fireplace  is  supplied  with  the  necessary  air  either  by 
natural  or  by  forced  draft;  the  former  method  is  better  suited  for  low-,  the 
latter  for  high-temperature  furnaces.  The  manner  of  admitting  air  is  gov- 
erned, however,  not  alone  by  the  character  of  the  work,  but  depends  to  a  large 
extent  upon  the  character  of  the  fuel.  As  a  rule,  a  finely  divided  charge  is 
treated  more  successfully  in  a  reverbcratory  furnace  ihan  in  a  shaft  furnace, 
fta  the  latter  requires  a  coarse  charge  to  do  its  best  work.     The  thermal  effi- 


ling  furnace 


ciency  of  a  reverbcratory  furnace  will  depend,  other  thmgs  bemg  equal  upon 
the  temperature  at  which  the  products  of  combustion  pass  off  into  the  open. 
If  they  do  this  immediately  upcn  lea\ing  the  hearth  the  efficiencj  is  10  to  15 
per  cent.;  if  they  first  gue  up  the  heat  in  excess  over  that  necessarv  to  furnish 
effective  draft,  to  regenerators  or  recuperators  this  figure  rises  to  jo  or  30  per 
cent. 

Closed-vessel  FtJRNACEs. — Closed-vessel  furnaces  are  used  only  when  it  is 
essentia]  that  the  charge  and  its  products  are  to  be  protected  from  the  contact 
with  solid  fuel  or  flame,  or  when  vapors  are  to  be  condensed  and  collected. 
The  vessels  are  made  of  clay  or  iron.  The  kind  of  furnace  chosen  depends  upon 
the  form  of  the  closed  vessel  and  the  manner  of  heating  best  suited.  Thus  there 
are  crucible-,  tube^,  muffle- furnaces,  etc.  The  ordinary  crucible-  (wind-  or  pot-) 
furnace,'  Fig.  249,  fired  ^^'ith  charcoal,  coke  or  anthracite  and  run  with  natural 
draft,  is  common  in  the  laboratory  for  making  assays,  in  silver  and  gold  mills 
for  making  fusions,  in  the  brass  foundry,  etc.  In  some  works  the  natural  draft 
is  replaced  by  forced  draft. 


Sduutalla.  E.,  "Die  Tlcgclocfcn 
Iimberger,  StaU  u.  EiitH,  iqcm, 


'  Seydcl.  Berlin.  1901. 
XIV.  I6q,  153, 
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Gas-  and  oil-fired  crucible  furnaces  are  not  uncommon  in  laboratoria  vi 
industrial  establishments;  th^  are  used  almost  solely  in  making  cruciUe-stal. 
Coal-  and  gas-fired  retort-furnaces  are  characteristic  for  the  Bdgian  pnxxssti 
smelting  zinc  ores  (Fig.  706,  Converse-de  Saulles)  or  for  distilling  and  sublim- 


FiG.  349. — Crucible  furnace. 

ing;  tube-furnaces  serve  for  liquating  antimony  sulphide;  muffle  furnaces  fw 
coking,  roasting,  for  making  cement  steel,  malleable  iron,  etc  From  the  o- 
ami^es  quoted  it  is  seen  that  a  closed-vessel  furnace  can  be  heated  with  an; 
kind  of  fuel,  but  as  the  heat  has  to  penetrate  the  wall  of  the  closed  vessel  befoie 


Scale  or  Men 

Fig.  150. — Roasting  Wn. 

it  can  act  upon  the  charge,  the  thermal  efficiency  will  always  be  low,  viz.,  i 
to  5  per  cent.  The  hot  waste  gases  of  the  closed-vessel  furnace  can  be  and  are 
utilized  for  superheating  the  air  necessary  for  combustion,  but  the  efKdency 
in  heating  will  always  remain  low. 

Kilns  and  Cokverteks. — In  the  operations  carried  on  in  tiier  preceding 
furnace,  the  charge  was  of  such  a  character  that  the  changes  affected  ooo- 
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npra  heat  than  they  brought  so  that  the  deficiency  had  to  be  made 
•urning  carbonaceous  fuel.  The  heat  set  free  in  the  oxidation  of  some 
is  sufficient  to  carry  through  the  process  without  outside  assistance  as 
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the  furnace  is  sufficiently  preheated  to  start  the  process  and  an  excessive 
eat  by  waste  gases  and  radiation  is  avoided.  Such  a  charge  can  be  solid 
L  Furnaces  treating  solid  charges  are  the  roasting  kilns,  working  con- 
y,  aod  the  beehive  coking  oven,  working  intermittently. 
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Roasting  kilns,  Fig.  250,  are  low  shaft-like  furnaces  whicli  are  worked  iii 
maimer  similar  to  that  of  shaft  furnaces  having  natural  draft.  Their  effidency 
is  lower  than  that  of  a  shaft  furnace,  as  the  gases  pa^s  oS  at  a  comparativdy 
high  temperature.     The  beehive  coking  oven,  Figs.  136  and  139,  is  a  peculia 


Fic.  3S3- — Shelby  barrel  converti 


Fic,  154, — Shelby  barrel  ix 


furnace  still  used  in  the  United  States  and  England.     Its  thermal  efficiency  is 
lower  than  that  of  the  kiln. 

Furnaces  treating  liquid  charges  are  called  converters.     They  are  uprighl  of 
horizontal  cylindrical   vessels  used  in   the    conversion  of  pig  iron  into  sted 


Fig.  355. — Hall  aluminum  furnace. 

(Figs,  251  and  252),  copper  matte  into  metallic  copper  (Figs.  253  and  254),  and 
low-grade  nickel-copper  matte  into  a  product  of  higher  grade.  Air  under 
pre^urc  is  forced  through  (he  liquid  charge  and  oxidizes  part  tA  the  con- 
stituents wiih  such  quickness  that  the  temperatures  attained  are  sufficiently 
high   to   keep  the  steel,  or  the  metallic  copper,  or  the  concentrated  nickci- 
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copper  matte  liquefied  so  that  they  can  be  poured.     The  thermal  efficiency  u 
50  to  60  per  cent. 

Blast-roiisting  apparatus  are  taken  up  in  §188. 

Electric  Furnaces.' — These  have  many  advantages  over  furnaces  heat«< 
with  carbon,  viz.:  (i)  a  higher  temperature  can  be  obtained  (3,600  vs.  2,0 
C);  (a)  the  heat  can  be  developed  in  a  small  space  just  where  it  is  wanted, 
which  is  equivalent  to  a  small  furnace  and  a  correspondingly  small  loss  of  heat 
by  radiation;  {3)  the  charge  need  not  be  exposed  to  the  influences  of  the  gaseous 
products  of  combustion;  {4)  the  temperature,  in  fact  the  operation  as  a  whole, 
is  under  perfect  control;  (5)  the  expense  of  running  lasts  only  as  long  as  the 
current  is  doing  active  work. 

The  disadvantages  are  few:  the  substance  to  be  heated  cannot  always  b«  I 
kept  out  of  contact  with  C;  the  cost  of  the  current  makes  electric  heating  often  J 
more  expensive  than  ordinary  firing.  On  account  of  the  many  advantagea,J 
especially  of  those  given  under  headings  2  and  4,  the  thermal  efficiency  of  elefrj 
trie  furnaces*  is  high,  ranging  in  melting  from  Oo  to  80  per  cent. 
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Fics.  }s6  and  157. — Rjellin  ioductioo  furnace. 


Fig.  25s  gives  a  longitudinal  section  of  the  Hall  aluminum  furnace  as  a 
representative  of  direct  resistance-heating;  in  it  S  is  the  iron  shell;  A',  negative 
conductor;  L,  carbon  lining  and  negative  electrode;  P,  positive  conductor;  A^ 
screw  clamps;  D,  copper  rods;  C,  carbon  cylinders  and  positive  electrode;  P, 
fused  bath;  E,  cover  of  alumina  and  carlwn  dust. 

Figs.  15^  3nd  257  represent  the  Kjellin  induction  furnace.  In  tWs  A  is  the 
primary  coil  of  insulated  copper  wire  wound  about  one  leg  of  the  magnetic 
circuit  C,  made  up  of  thin  insulated  sheets  of  soft  iron;  B,  the  secondary  formed 


'  Richards.  Aluminum  World,  iSflg.  v,  105. 
*  Richards,  Tt.  Am.  Elfctreckrm.  Sm.,  igoi, 


;  Blrclrockem.  Met.  Ind.,  1905.  iii,  J03. 
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by  the  metal  charge  contained  in  the  annular  groove  £,'  L  the  sheet-iron  caang 
lined  with  fire-brick  D  and  magnesite  or  silica  brick;  £,  the  brick  foundatkn; 
F,  an  air  space  provided  with  hood  F'  and  chimney  G;  K,  covets;  B,  tap[aDg 


Fig.  15S. — Acheson  carborundum  (umace. 


1  E-F 

. — H£tauU  electric  furnace. 


spout.     The  current  passes  through  coiis  A ,  excites  a  varying  magnetic  flux  i 
the  circuit  C,  and  this  induces  an  alternating  current  in  the  content  of  the  ai 
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Fic.  260. — Hfroult  electric  furnace. 


Fic.  261,— SUssano  electric  furnace. 
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nular  groove  B  and  melts  it.  The  arrangement  is  similar  to  that  of  a  stepdun 
transformer  having  a  large  number  of  primary  turns  (A)  and  a  dngle  secooduy 
turn  (B). 

Indirect  resistance-heating  is  illustrated  by  the  cross-section  of  the  Acbcson 
carborundum  furnace,  Fig.  258,  in  which  A  is  the  core  of  powdered  coke  fonmog 
the  heating  resistance,  B  the  charge,  C  the  foundation,  D  the  side-walls  laid 
dry. 


Fic.   361a. — StassaDo  electric  furnace. 

Direct  arc-heating,  the  original  form  of  the  Siemens  crucible  furnace.  Fig. 
323,  may  serve  as  example. 

Combined  resistance-  and  arc-heating  is  best  characterized  by  the  Hiroult 
steel  furnace.  Figs.  259  and  z6o,  in  which  H  is  magnesite  brick  built  into  a 
steel-plate  shell  carrying  the  basic  lining  K;  A,  pouring  spout;  E,  suspended 
electrode,  of  which  there  arc  two;  H',  silica  brick  roof;  P,  motor  for  driving 
automatic  regulator;  T,  lever  for  throwing  motor  P  out  of  action;  Z,  hand- 
wheel  operating  pinion  S'  for  regulating  electrodes  by  hand;  R,  rack  with  gear- 
ing S  for  raising  and  lowering  electrode. 

Indirect  arc-heating  has  found  its  chief  application  in  the  Stassano  steel 
furnace,  Figs.  261  and  261a.    This  is  inclined  to  the  vertical  and  rotated  from 
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below;  ihe  lining  is  of  magnesite  brick;  there  are  three  carbon  electrodes  enter- 
ing the  furnace  through  water-jacketed  openings;  the  electrodes  are  regulated 
through  hydraulic  cylinders  and  receive  the  current  through  cables  and  brushes 
from  a  stationary  ring.  The  charge  is  fed  from  an  opening  in  the  top  (not  shown}, 
slag  and  metal  are  tapped  through  openings  near  the  bottom,  the  forms  of  which 
are  shown. 

With  the  exception  of  the  induction  furnace  aJl  electrical  furnaces  must  have 
carbon  electrodes'.  Carbon  is  chosen,  as  it  fills  best  the  requirements  of 
being  refractory,  a  good  transmitter  of  heat  and  a  poor  conductor  of  elec- 
tricity, does  not  contaminate,  and  acts  chemically  only  in  its  reducing 
capacity. 

The  raw  materials  used  for  furnishing  the  C  have  been  charcoal,  coke, 
anthracite,  soot,  gas-carbon  and  petroleum -coke.  The  petroleum -coke  (ash 
3.09,  V.M.  6.55,  S  1.44,  CI  2.36},  used  in  the  early  stages  of  manufacture,  has 
to  be  heated  in  a  closed  vessel  to  drive  off  the  5  to  8  per  cent.  V.M.  it  contains. 
Used  alone,  it  did  not  work  well,  as  the  electrodes  crumbled.  It  was  replaced 
by  gas-carbon  (ash  1.77,  V.M.  0.46,  S  0.73  per  cent.)  which  furnished  better 
electrodes,  but  suffered  from  the  difficulty  that  the  material  collected  from 
numerous  localities  was  irregular  in  composition.  Only  when  anthracite  came 
into  use  was  there  made  real  progress  in  their  manufacture,  so  that  to-day  elec- 
trodes 34  in.  sq.  or  round  24  in.  diam.,  and  7  ft.  long  are  made,  while  a  few 
years  ago  15  in.  sq.  and  5  ft.  long  were  deemed  satisfactory. 

At  present,  mixtures  of  the  raw  materials  mentioned  are  used,  of  which  an- 
thracite forms  by  far  the  largest  part.  Anthracite  mixed  with  other  forms  of 
C  is  crushed  to  from  0.5  to  3  mm.  size;  from  15  to  25  per  cent,  of  a  mix- 
ture (ash  0,15,  V.M.  43.og,  F.C,  56.85  per  cent.)  of  pitch  and  dehydrated 
tar  is  added,  and  the  whole  worked  in  a  sieam-heattd  (70  to  qo°  C.) 
pug-mill.  The  prepared  mass  is  rammed  into  blocks  weighing  as  much 
as  35,000  lb.  in  a  angle-stamp  hammer  machine.  These  blocks  are  transferred 
to  a  horizontal  hydraulic  compression  machine  and  subjected  to  a  pressure  of 
from  35  to  40  tons  per  sq.  ft.  The  electrodes  are  now  baked  in  a  gas-fired  ring- 
oven  (30  chambers  each  holding  six  electrodes).  The  electrodes  are  lowered  in 
fire-clay  vessels,   the   unoccupied  spaces  filled  with  C,  and  the  batch  baked 

I  Zeltncr.  J.,  "  Die  KUnstlichi'ii  Kohlen  TUr  cleclrische  und  clectrochcmiiHihe  Zwccke;  ihrc 
PrUlung  unit  Hentellung,"  Springer,  Berlin,  1903. 

Louis,  Kn.  Mil.  Exlr.,  1911,  vni,  310. 
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Fiugerald-Forsscll,  "Carbons  far  EleclramelaUurgy,"  Tr.  Am.  EUilrotktm.  Soc.  1907, 
XI.37. 
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PbiUdelphia  Book  Co.,  PbiUdcIphk,  191J. 
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6  to  lo  days  for  small  sizes,  and  from  lo  to  i6  days  with  large  sizes,  the  chamber 
being  brought  gradually  to  1,200°  C.  and  then  cooled  slowly.  A  good  dectiode 
has  the  folloi?ving  properties:  apparent  specific  gravity^  1.50  to  1.55;  spedfic 
electric  resistance  (range  4  to  500  sq.  in.)  40  to  300  ohm.;  temperature  coeffidcnt 
of  resistance  (range  25  to  900°  C.)  0.000318;  specific  heat  at  100**  C,  0.18  lo 
0.22;  compressive  strength  3,300  to  6,000  lb.  per  sq.  in.;  transverse  strength, 
730  to  1,100  lb.  per  sq.  in.;  expansion  (range  o  to  700°  C),  0.26  per  cent  ato® 
C.;heat  conductivity  of  i  c.c.  with  fall  of  temperature  of  130  to  20°  C,  0.24 
cal.  per  hr.;  ash  2.5  to  3.0  per  cent.;  P  0.45  to  0.53  per  cent.;  S  0.90  to  i.io 
per  cent.* 

If  the  electrode  is  to  be  graphitized  and  its  electric  conductivity  in- 
creased from  three  to  four  times,  it  is  placed  in  a  closed  vessel,  and  heated  elec- 
trically with  a  current  of  from  200  to  250  amp.  per  sq.  in.  cross-section.  At  the 
resulting  high  temperature,  oxides  (AlaOs,  FeaOa,  Mn20j,  SiOj)  are  converted 
into  carbides  which  are  dissolved  in  the  electrode  and  dissociated,  setting 
free  graphite. 

The  electric  connection  is  never  fixed  with  large  electrodes,  as  the  loss  in 
energy  (8  to  12  per  cent,  with  50  volt)  is  too  great;  with  small  electrodes,  a  head 
socket  is  firmly  attached.  Large  electrodes  always  have  a  movable  connection 
in  the  form  of  a  copper  or  bronze  clamp,  generally  water-cooled,  a  few  layers  of 
copper  gauze  being  placed  between  the  clamp  and  smooth  hard  surface  of  the 
electrode  to  form  a  good  contact.  A  bad  contact  will  cause  the  carbon  to  glow 
at  the  contact;  the  e\dl  grows  worse,  as  the  electric  conductivity  of  C  increases 
with  the  temperature.  The  contact  surface  is  made  sufficiently  large  so  as  not 
to  exceed  a  current  density  of  130  amp.  per  sq.  in.;  the  cross-section  of  the  damp 
can  have  1,000  amp.  per  sq.  in.  if  water-cooled,  600  if  not.*  The  damp  is 
placed  as  close  to  the  roof  of  the  furnace  as  the  heat  will  permit.  The  dec- 
trode  is  raised  and  lowered  mechanically  (Thury  regulator);  new  electrodes 
are  attached  to  old  ones  by  nipples  of  electrode-material  molded  with  a  screw- 
thread;  with  a  current  density  of  30  amp.  per  sq.  in.  there  is  a  loss  of  2  to  2.5 
volts. 

At  present  electrodes  are  made  of  such  a  cross-section  that  they  take  a  cur- 
rent of  30  to  35  amp.  per  sq.  in.  section  when  they  remain  cool.  Hansen* 
advises  50  amp.  for  carbon  and  150  amp.  for  graphite  electrodes.  His  experi- 
ments have  shown  that  the  restivity  C  :  Gr.  =  2.25  :  i,  and  the  heat  conductiv- 
ity C  :  Gr.  =  I  :  10.  The  life  of  an  electrode  is  shortened  through  disintegra- 
tion by  the  current,  chemical  action  of  C  upon  charge,  solution  of  C  by  charge, 
oxidation  by  air.  In  steel  refining  vdih  a  current  of  40  volts,  the  wear  is  1/4  to 
1/2  in.  per  hr.,  in  the  production  of  pig  iroi>  1/16  in.  per  hr.,  and  in  the  pro- 
duction of  Al,  1/8  oz.  per  lb.  Al  produced. 

*  Fitzgerald,  Tr,  Am,  FJeclrochcm.  SoCt  1902, 11,  43. 

*  Stdhl  u,  EiscHf  loc,  cit, 

*  Louis,  loc,  cit. 
^Loc.  cit. 
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x68.  The  Eflkiency  of  Furnaces.' — In  general,  efficiency  is  the  ratio  of 
TBcful  work  done  to  energy  expended.  With  furnaces,  thermal  efficiency,  which 
om  be  either  absolute  or  relative,  is  of  leading  importance.  Absolute  thermal 
efficiency  (£a)  is  the  ratio  of  the  net  thermal  effect  produced  {En)  to  the  cal- 
Ofific  power  of  the  fuel  (P)  or  jEa  =  -E  n :  P.  It  is  of  general  application,  as  it  gives 
absolute  data.  Relative  efficiency  (£r)  is  the  ratio  of  the  net  thermal  effect 
produced  {En)  to  the  number  of  calories  actually  realized  {Pa)  or  £r  =  £n  :  Pa. 
Its  application  is  limited,  as  the  factor  a  varies  with  each  individual  case. 

In  order  to  obtain  the  data  necessary  for  determining  the  thermal  efficiency, 
it  is  often  convenient  to  balance  the  heat-producing  with  the  heat-absorbing 
factors  that  enter  into  an  operation.  In  the  accompanying  heat  balance  the 
main  factors  are  arranged  in  debit  and  credit  columns;  each  main  factor  may  be 
the  sum  of  several  minor  ones. 


Heat  Balance 


Debit 

Heat-pnxhidng.Factors  per  Unit  of  A 

X.  Heat  generated  by  combustion  of  fuel. 

2,  Sensible  heat  entering  the  furnace. 

3.  Eiothermic  reactions  of  charge. 


Credit 

Heat-absorbing  Factors  per  Unit  of  A 

1.  Heat  carried  off  in  gases  and  fumes. 

2.  Heat  carried  off  in  solid  or  liquid  products. 

3.  Endo thermic  reactions  of  charge. 

4.  Heat  lost  by  radiation  and  conduction. 


ExAicPLES. — I.  In  an  annealing  furnace  with  cast-iron  chamber  the  fuel 
consumption  per  24  hr.  was  at  the  rate  of  27  kg.  bituminous  coal  (calorific 
power  7,ocx>  Cal.)  for  bringing  100  kg.  German  silver  (spec,  heat,  0.096)  from 
IS  to  600**  C. 

Debit:  27  kg.  coalX7,ooo= 189,000  Cal. 

Credit:  100  kg.  German  silver  X  rise  in  tempvorature  (600— 15)  X  spec,  heat  of 
G.  S.  0.096  =  5,6x6  Cal. 

Absolute  efficiency: -^^ =0.02972  =  2.97  per  cent. 

109,000 

If  the  charge  is  to  be  kept  at  600^  C.  for  an  indefinite  time  in  order  to  cause 
certain  phjrsical  changes  to  take  place,  no  absolute  thermal  efficiency  can  be 
calculated,  as  the  alloy  heated  to  600^  C.  does  not  absorb  any  more  heat.  Here 
the  rdative  efficiency  of  two  or  more  furnaces  comes  into  play.  The  compari- 
son of  these  can  be  based  on  the  number  of  calories  expended  to  keep  either 
a  given  space  (cubic  content  of  furnace)  or  a  given  weight  of  material  at  a  given 
tempoature  for  unit  time. 

n.  In  melting  100  kg.  silver  (heat  in  i  kg.  melted  silver  at  melting-point  = 

*  Grttner,  Ann.  Min,,  1875,  vm,  173. 
Diirre,  OesL  Zt.Berg.  HiiUenw,,  1879,  xxvii,  176. 
Ledebur,  op,  cii.,  p.  44. 

Richards,  "Metallurgical  Calcidations/'  1906,  i,  76;  /.  Frankl.  InsLj  1907,  cucni,  129. 
Pomerantseff,  Rev.  MH.,  1911,  vni,  127;  Stahl  u.  Eisen^  1912,  xxxii,  197. 
Landis,  Met,  Ckem,  Eng,,  1910,  vm,  520  (Rotary  Cement  Kiln). 
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89.15  Cal.)  in  a  crucible  there  were  required  by  the  pot-furnace  30  kg.  coke 

(calorific  power  6,500  Cal.). 

Debit:     30X6,500  =  195,000  Cal. 

Credit:  100X89.15  =  8,915  Cal. 

.,     ,         «.  .  8*915 

Absolute  efficiency: "^ =0.04572  =4.57  per  cent. 

III.  Gold-bearing  pyrite  with  10  per  cent,  gangue  and  48  per  cent.  S  is 
roasted  in  a  hand  reverberatory  furnace  at  the  rate  of  9  metric  tons  in  24  hr. 
with  a  consumption  of  i  metric  ton  of  coal  (C  73.57,  O  10.14,  H  5.14,  N  1.24, 
S  1.86,  H2O  2.55,  ash  8.05;  calorific  power  7,300  Cal.).  The  gases,  escaping 
from  the  furnace  at  a  temperature  of  200°  C,  contain  SOj  1.5  and  SOt  0.5  per 
cent.  vol. ;  the  roasted  ore,  with  98  per  cent,  of  its  S  eliminated,  is  withdrawn 
from  the  furnace  near  the  fire-bridge  at  a  temperature  of  900**  C. 

Debit  :i 

1.  Heat  evolved  in  burning  coal:  1,000  kg.  X 7,300  =  7,300,000,  is  the  total 
calorific  power.  The  ashes  formed  weighed  89.4  kg.,  and  contained  10  per  cent, 
or  8.94  kg.  C.  The  calorific  power  lost  in  ashes  is  8.94X8,100=72,414  Cal. 
Therefore  the  actual  heat  generated  by  the  combustion  of  the  coal  is  7,300,000 
-72,414  =  7,227,586  Cal. 

2.  Heat  evolved  in  burning  sulphur:  the  raw  ore  contains  9,000X0.48= 
4,320  kg.  S;  of  this  98  per  cent,  or  4,320X0.98  =  4,234  kg.  have  been  burnt;  1/4 
of  1,059  kg.  was  burnt  to  SOt  and  3/4  or  3,175  kg.  to  SOj.  The  heats  evolved 
are  1,059X2,872=3,041,448  Cal.  and  3,175X2,164  =  6,870,700  Cal.,  or  a  total 
of  9,915,000  Cal. 

3.  Heat  evolved  in  oxidizing  iron:  the  S  remaining  in  the  ore  will  be  as- 
sumed to  be  in  combination  with  Fe  as  FeS.  There  was  driven  off  98  per  cent, 
of  the  total  S  in  the  ore,  therefore  there  remained  behind  2  per  cent,  or  4,32oX 
0.02  =  86.4  kg.  Combining  these  with  iron,  S  :  Fe  =  32  :  56  =  86.4  :jc,  gives 
:r  =  i5i.2  kg.  Fe.  The  iron  in  the  ore,  present  as  FeSj,  weighs  S2  :Fe=64  : 
56  =  4,320  :  y,  y  =  3,78o  kg.;  hence  3,780— 151.2=3,628.8  kg.  Fe  were  oxidized. 
The  heat  of  formation  of  Fe203  per  kg.  Fe  =  1,746  Cal.,  hence  the  heat  generated 
is  3,628.8X1,746  =  6,335,885  Cal. 

The  total  heat  generated  from  the  three  sources  is  7,227,586+9,915,000+ 
6,335,885  =  23,478,461  Cal. 

Before  taking  up  the  credit  column,  it  will  be  necessary  to  calculate  the  total 
volume  of  gas.  There  were  oxidized  from  the  pyrite  4,234  kg.  S  and  from  the 
coal  18.6  kg.,  making  a  total  of  4,252.6  kg.     As  i  cbm.  SOj  or  SOs  contains 

1.44  kg.  S,  the  weight  of  S  in  i  cbm.  flue  gas  =  (0.015+0.005)  X  1.44  kg.,  and 

,  -  wt.  of  S  burned  4,2^2.6 

the   total   volume  of  gas    =— - — y^-\ , ^ =  7 -j^ r = 

°  wt.  of  S  in  I  cbm.  flue  gas     (0.015X0.005)1.44 

147,639  cbm.     Of  this  total,  148,700X0.015  =  2,215  cbm.  is  SOs  and  i48,7ooX 
0.005  =  738  cbm.  is  SO3.     There  were  oxidized  to  CO2  from  1,000  kg.  coal, 

*  While  it  is  not  necessary  to  cast  a  heat  balance  in  order  to  obtain  the  data  required  to 
calculate  the  cflficiency,  it  has,  nevertheless,  been  carried  through,  as  it  brings  out  many 
interesting  facts. 


PYROMETALLURGICAL  PROCESSES  AND  APPARATUS    397 

735-7-8.9  (in  ashes)  =  726.8  kg.  C,  which  gives  1,346  cbm.  CO2,  as  i  cbm.  con- 
tains 0.54  kg.  C. 

The  51.4  kg.  H  in  1,000  kg.  coal  required  Ha  :  0  =  2  :  16  =  51.4  :  x,  :c  =  4ii.2 

kg.  0.    There  are  present  in  the  coal  101.4  kg.  O,  hence  411.2-101.4  =  309.8 

kg.  0  have  to  be  furnished  by  the  air.    The  51.4  kg.  H  form  462.6  kg.  HjO 

which,  added  to  the  25.5  kg.  H2O  in  1,000  kg.  coal,  gives  488.1  kg.  H2O  existing 

as  water  vapor  in  the  gas,  or  602.6  cbm. 

Nitrogen  in  1,000  kg.  coal:  The  coal  contains  1,000X0.0124  =  12.4  kg.  N  = 

12.4 

—rz —  =9.8  cbm.     The  N  accompanying  the  O  is  arrived  at  as  follows: 

The  oxidation  of  FeSa  takes  place  according  to:  2FeS2+i20  =  Fe203+ 
3S02+iSOt,  hence  4S  :  602=4X32  :  12X16  =  2  : 3,  or  4,234  kg.  total  S  :  0  = 
2  :3»  gives  0  =  6,351  kg. 

The  oxidation  of  the  729  kg.  C  in  the  co^l  to  CO2  according  to  C  :  02  =  12  : 

32  =  726.8  :x,  requires  0  =  1,938  kg.     The  oxidation  of  the  18.6  kg.  S  in  the 

coal  to  SO2  according  to  S  :  02  =  32  :  32  =  18.6  :y,  requires  0  =  i8.6  kg.     The 

total  0=309.8+6,351+1,938+18.6  =  8,617.4  kg.,  and  this  is  accompanied  by 

10  28,725 

8,617.4 X  — =  28,725  kg.  N;  — ^  =  22,798  cbm.  N.    Adding  the  items  gives 

3  I.2Q 

HiO  602.6+N  (from  air)  22,798+002  1,346+802  2,215+803  738+N  9.8 
(from  coal)  =27,709.4  cbm.  gas.  The  total  volume  of  gas  formed  was  found, 
however,  to  be  147,639  cbm.  showing  that  147,639  —  27,709=119,930  cbm. 
aur  or  4. 2  times  the  theoretical  amount  of  air  entered  as  excess  air.  This  figure 
is  reasonable  considering  an  oxidizing  roast  with  the  aim  to  eliminate  all  the  8. 
Credit: 

I.  Heat  in  waste  gases: 

In  H2O  vapor 602.6(0.34+0.00015X200)200  =      38,650  Cal. 

Ln  N  and  excess  air  (22,798+9.8+119,930)  (0.303+0.000027 

X  200)  200  =  8,804,068  Cal. 

In  CO2 1,346(0.37+0.00022X200)200=    111,449  Cal. 

In  8O2 2,231(0.36+0.0003  X  200) 200=    186,060  Cal. 

In  SOj 743(0.405+0.00017X200)200=      64,796  Cal. 


Total  =  9,210,965  Cal. 

2.  Heat  in  roasted  ore: 

3,628.8  kg.  Fe  =  5,i84  kg.  Fe203  with  5,184(0.1456+0.000188 

X90o)9oo  =  1,468,731  Cal. 
151. 2  kg.  Fe  =  237.6  kg.  FeS  with  237.6X0.1357X900  =      29,018  Cal. 

900  kg.  gangue  (Si02)  with  900(0.1833+0.000077X900)900=    204,606  Cal. 


Total  =  1,702,355  Cal, 
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3.  Heat  absorbed  in  decomposing  FeS:^ 
This  amounts  to  429  Cal.  per  kg.  Fe.     As  there  were  decom- 
posed 3,628.8  kg.  Fe  in  the  form  of  pyrite,  this  calls  for 

3,628.8X429 1,556,75s  Cal. 

Adding  the  three  items  gives: 

Heat  accounted  for 12^70,075  Cal. 

Heat  lost  by  radiation  23,478,461  —  12,470,075 11,008,386  Cal. 

^,      ,     ,        ,  ,    «,  .  heat  in  ore+heat  absorbed  in  decomposing FeSi 

The  absolute  thermal  efficiency  = ^  ^  ,  , — ■7- 7—, 

^  total  heat  generated 

_  1^702^,355+1,556,755  _      00  ^,,  ^,„, 

= o — :- =  i3'Oo  per  cent. 

23,478,461  "^       ^ 

IV.  An  iron  blast-furnace  produces  mottled  pig  iron  with  C  3.5,  Si  1.5  and 
Mn  0.5  per  cent,  from  hematite  using  i  metric  ton  coke  per  metric  ton  of  pig; 
the  coke  contains  C  90  per  cent,  and  has  a  calorific  power  of  7,000  Cal. 
Debit: 

C  in  coke:  1,000X0.90  =  900  kg.;  C  in  pig  iron:  1,000X0.035  =  35  kg.,  hence 

the  C  actually  burnt  900—35  =  865  kg.  developed  7,oooX =  6,728  Cal.,  and 

the  heat  from  1,000  kg.  amounted  to  6,728,000  Cal. 
Credit: 

1.  Reduction  of  Si:  There  were  reduced  1,000X0.015  =  15  kg.  SL  With  a 
heat  of  reduction  from  Si02  per  kg.  S  of  7,600  Cal.  the  heat  absorbed  is  15X 
7,600  =  114,000  Cal. 

2.  Reduction  of  Mn:  There  were  reduced  1,000X0.005  =  50  kg.  Mn.  With 
a  heat  of  reduction  from  MnO  per  kg.  Mn  of  1,653  Cal.,  the  heat  absorbed  is 
5X1,653  =  8,265  Cal. 

3.  Reduction  of  Fe:  There  were  reduced  1,000  — (35C+i5Si+5Mn)  =900 
kg.  Fe.  With  a  heat  of  reduction  from  Fe208  per  kg.  Fe  of  1,746  Cal.,  the 
heat  absorbed  is  945X1,746  =  1,649,970  Cal. 

The  heat  evolved  in  forming  slag  is  neglected,  as  it  is  approximately  balanced 

by  the  heat  absorbed  in  decomposing  fluxes. 

The  absolute  thermal  efficiency  = 

heat  usually  applied     114,000+8,265  +  1,649,970  ,  , 

totaf  heat  generated  = 6;728,ooo~         =0.2633  =  26.33  per  cent. 

V.  In  distilling  silver  amalgam  in  an  iron  retort,  the  charge  of  500  kg.  with 
20  per  cent.  Ag  is  retorted  with  2/3  cord  =1,250  kg.  seasoned  wood  having  a 
calorific  power  of  3,200  Cal.  The  Hg  vapors  pass  off  at  400°  C,  and  the  finish- 
ing temperature  is  a  full  cherry  red,  or  700°  C. 

Debit: 

Heat  evolved  in  the  combustion  of  1,250  kg.  wood  is  1,250X3,200  =  3,999,000 
Cal. 

^  FeSs  has  been  replaced  for  the  present  by  FeS,  as  the  amount  of  heat  required  to  split 
FeSs  into  FeS  and  S  has  not  been  determined;  all  that  is  known  is  that  it  is  small.  See 
Richards  in  Peters  '^Principles  of  Copper  Smelting,'*  New  York,  1907,  p.  541. 


PYROMETALLUSGICAL  PROCESSES  AND  APPARATUS      399 

Credit: 

1.  Decomposition  of  amalgam.  The  heat  absorbed  per  108  kg.  Ag  is  2,470 
Cal,  hence  2,280  Cal.  per  100  kg.  Ag. 

2.  Heat  in  100  kg.  Ag  at  700°  C.  is  according  to  Pionchon's  formula 
7oo[o.o5758+o.ooooo44X7oo+o.oooooooo6X 700^1100=4,248  Cal. 

3.  Heat  required  for  bringing  400  kg.  Hg  to  boiling-point  according  to 
Naccari's  formula  is 

356(0.03337  —0.0000027s X3S6 —0.0000000667 X356']4oo  =  7,350  Cal. 

4.  Heat  of  vaporization  for  400  kg.  Hg  is  400X77.5  =31,000  Cal. 

5.  Heat  in  400  kg.  Hg  vapor  at  400*^  C.  is  4ooX[o.o25  X  (400— 356)] =44oCal. 

The   absolute   thermal   efficiency=^'^^+-^''-^'+^7'35°+3^'°°°+44°), 

^  3,999,000 

i.ii  per  cent. 

VI.  With  electrically  heated  furnaces  used  for  electro-thermic  processes 
the  calculations  are  the  same  as  with  carbon-heated  furnaces  excepting  that  the 
current  furnishes  the  necessary  heat  energy;  and  i  kw.  sec.  =0.239  Cal., or 
I  kw.  day  =  0.239X60X60X24  =20,6 50  Cal. 

Beside  the  thermal  efficiency  of  a  metallurgical  operation  there  are  other 
factors  which  go  to  make  up  the  total  or  economic  efficiency.  Some  of  these 
are:  the  costs  of  installation  including  the  ground  occupied  and  the  necessary 
housing,  of  power,  of  repair,  of  depreciation,  of  fuel,  of  labor,  of  superintend- 
ence, of  time  required  to  treat  a  imit. 

169.  Construction  of  Furnaces. — While  the  forms  of  furnaces  and  the  mate- 
rials of  which  they  are  biult  vary  more  or  less  with  the  processes  that  are  to  be 
carried  out  in  them;  every  fiunace  must  meet  some  general  requirements,  if 
it  is  to  do  its  work  satisfactorily,    A  few  of  these  are: 

1.  Support. — Parts  of  a  furnace  exposed  to  different  physical  and  chemical 
influences  ought  to  be  independent  of  one  another.  In  a  modern  blast-furnace 
for  smelting  iron  ore  or  lead  ore,  the  bosh- walls  do  not  carry  th^  shaft-walls  as 
of  old,  but  they  are  supported  through  a  mantle-  or  carrier-plate  by  hollow  cast- 
tion  colimms.  In  a  reverberatory  smelting  furnace,  e.g.,  for  copper,  the  fire- 
I^ce  is  always  independent  of  the  hearth. 

2.  Refractory  Material. — Refractory  materials  ought  to  be  adapted  to 
the  phjrsical  and  chemical  wear  they  are  to  resist.  A  basic  open-hearth  furnace 
has  a  hearth  of  burnt  dolomite,  a  roof  of  silica  brick,  and  the  joint  where  the 
two  meet  is  made  of  chrome  brick,  each  suited  for  its  special  purpose.  Ih  a 
copper  reverberatory  smelting  furnace  the  hearth  is  made  of  siliceous  sand,  the 
roof  of  silica  brick,  and  the  fireplace  is  lined  with  fire-brick.  The  inner  parts 
of  a  furnace  only  are  built  of  refractory  materials,  as  erecting  an  entire  furnace 
in  this  way  would  be  too  expensive.  The  inner  fire-brick  wall  is  therefore  usually 
enclosed  by  red  brick  or  first  by  a  second-grade  fire-brick.  Generally  an 
expansion  space  filled  with  sand,  ashes,  gravel,  loam,  is  left  between  the  inner  and 
outer  walls.  DiflFerent  grades  of  fire-brick  will  have  to  be  used  in  parts  exposed 
mainly  to  mechanical  wear  or  to  slagging  or  to  corrosive  gases  in  addition  to 
high  temperatures. 
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3.  Water  Cooling. — Parts  of  furnace  exposed  to  high  temperatures  and      I 
slagging  ought  to  be  made  thin  and  be  water-cooled;  parts  exposed  to  low      1 
temperatures  ought  to  be  thick  so  as  to  diminish  the  loss  of  heat  by  radiation. 
Thus  in  a  blast-furnace,  the  bosh  walls  are  thin  and  water-cooled  or  water- 
jacketed,  while  the  shaft  walls  are  thick. 

4.  Reinforcement. — ^A  furnace  ought  to  be  well  ironed  to  coimteract  the 
expansive  force  of  the  walls  when  heated.  With  some  parts  iron  sheathing 
(shaft  of  iron  blast-furnace)  is  sufficient;  others  require  encasing  with  heavy  cast- 
iron  or  steel  plates  (crucible  of  iron  blast-furnace).  Oblong  furnaces  usually  are 
strengthened  by  vertical  iron  or  steel  posts  (buckstays)  held  by  iron  tie-rods. 

5.  Radiation. — ^The  diflFerent  parts  of  a  furnace  ought  to  be  assembled  in 
such  a  way  as  to  reduce  the  loss  of  heat  by  radiation  to  a  minimum.  Thus  shaft 
furnaces  are  made  circular  whenever  this  is  permissible,  as  this  form  furnishes 
the  largest  cross-section  for  the  smallest  perimeter. 

6.  Foundation. — A  solid  foundation  is  a  prime  requisite  for  furnaces  as 
for  other  structures.  The  requirements  for  a  blast-furnace  or  a  chimney  are  much 
more  rigid  than  those  for  a  reverberatory  furnace  which  covers  a  larger  area. 
Solid  rock  is,  of  course,  the  best  foundation  and  next  best  is  hard-pan  (a 
mixture  of  gravel,  clay  and  sand).  An  artificial  foundation  may  be  made  of 
cross-spiked  planks  or  of  cement  concrete  depending  upon  the  weight  of  the 
superstructure.  In  all  cases  of  a  built-up  foundation,  it  will  be  necessary  to 
make  provision  for  drainage  and  to  start  masonry  work  well  below  the  frost- 
line.  Foundations  are  usually  built  of  undressed  rock,  the  crevices  are  filled 
with  spalls,  and  the  whole  is  grouted  with  lime-mortar  reinforced  by  cement. 

7.  Electric  Furnaces. — The  general  requirements  electric  furnaces  have  to 
fulfil  are  simple  as  compared  with  those  of  carbon-heated  furnaces,  as  the  charge 
is  usually  small  and  the  source  of  heat  is  imbedded  in  the  charge  itself.  Hence 
only  a  comparatively  simple  encasing  wall  has  to  be  provided  to  hold  the  charge 
together.  Special  attention  has  to  be  given  to  the  carbon  electrodes  and  their 
electric  contacts. 

170.  Dr3ring.^ — Drjdng  or  the  driving  off  of  water  is  not  common  in  metaDw- 
gical  operations  as  a  separate  process  even  though  the  heat  absorbed  by  the 
evaporation  of  the  moisture.may  retard  to  some  extent  the  process  that  is  being 
carried  on.  Thus  ores  with  perhaps  an  average  of  5  per  cent.  HjO  are  treated 
without  having  been  dried  unless,  e.g.,  they  have  to  be  dry-crushed  and  then 

*  Hausbrand,  E.,  "Das  Trocknen  mit  Luft  und  Dampf,*'  Springer,  Berlin,  4th  ed.,  1911, 
transl.  by  A.  C.  Wright,  Scott,  London,  191 2. 

Davis,  G.  E.,  "A  Handbook  of  Chemical  Engineering,"  Davb  Bros.,  Manchester,  aded., 
1904,  vol.  II,  pp.  253-266. 

Masson,  E.,  "Le  s^chage,"  Rev,  Un.  Min.,  1903,  iv,  283,  313. 

Marr,  O.,  "Das  Trocknen  und  die  Trockner,"  Oldenbourg,  Munich,  Berlin,  1914. 

Grovenor,  Calculations  for  Dryer  Design,  Tr.  Am.  Inst.  Chem.  Eng.^  1908, 1,  134;  Eledro- 
chem.  Met.  Ind.,  1910,  viii,  35. 

Meade,  op.  cU.y  p.  104. 

Nagd,  Drying  Appliances,  Electrochem.  Mel.  Ind.f  1908,  vi,  147. 

Porter,  op.  cit.,  1909,  vii,  480. 
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mixed  with  dried  salt  to  be  chloridized;  sulphide  concentrates  with  say  lo  to  13 
per  cent.  H2O  are  often  dried  before  they  are  roasted;  washed  coal  is  usually 
freed  from  part  of  its  water  by  draining  before  it  is  burnt  under  boilers;  it  has 
to  be  dried,  however,  before  it  can  be  briquetted  (§111);  raw  peat  (§109)  and 
freshly-cut  wood  (§100)  have  to  be  air-dried  before  they  can  serve  as  metal- 
lurgical fuels. 

Materials  will  dry  at  the  ordinary  temperature  of  the  air,  as  this  is  never 
completely  saturated  with  water;  more  often  it  is  half-saturated,  and  the  drier 
the  air,  the  more  moisture  it  can  absorb.^  The  amoimt  of  water  air  or  any 
other  gas  can  take  up  increases  as  the  temperature  rises  and  the  pressure  falls. 
This  is  clearly  shown  by  the  curves  in  Fig.  262  in  which  the  abscissa  represent 
^  C,  the  ordinate  kg.  water  in  i  kg.  dry  air  and  the  curves  the  absolute  pressures 
in  mm.  The  amounts  of  water  absorbed  are  seen  to  rise  very  quickly  with  the 
temperature  and  to  be  indirectly  proportional  to  the  pressure.  In  practice 
it  is  essential  that  the  drying  be  carried  on  at  as  high  a  temperature  as  is  prac- 
ticable, that  the  air  come  into  intimate  and  prolonged  contact  with  the  ore,  and 
that  the  air  leave  the  drying  apparatus  at  a  temperature  sufficiently  high 
to  hold  as  vapor  all  the  water  that  has  been  taken  up  from  the  ore.  Intimate 
contact  between  air  and  ore  will  be  favored  by  small  sizes  (not  larger  than  2 
in.),  and  by  stirring  the  ore. 

The  common  method  for  removing  part  of  the  water  is  that  of  air-drying. 
The  raw  material  is  spread  on  covered  ground,  bricks  and  briquettes  are  distrib- 
uted on  pallets  in  sheds  through  which  air  can  circulate  freely.  With  heated 
low-temperature  drying  chambers,  e.g.,  for  zinc  retorts,  superheated  steam  often 
furnishes  the  necessary  heat;  the  rooms  are  sometimes  connected  with  exhaust- 
fans.  Forcing  superheated  air  through  drying  chambers,  common  in  chemical 
manufacture,  is  exceptional  in  metallurgical  work.  With  high-temperature 
dryers,  the  waste  heat  from  roasting  and  smelting  furnaces  is  often  conducted 
under  drying  floors  or  through  drying  timnels  in  which  cars  charged  with 
material  are  moved  slowly  in  a  direction  opposite  to  that  of  the  gas  current 
Floors  and  timnels  often  have  their  separate  fireplaces.  With  plants  of  large 
capacity,  the  ores  are  dried  in  special  reverberatory  and  shaft-furnaces  similar 
to  those  used  in  calcining  and  roasting.^ 

171.  Calcining  (Burning).^ — Calcining  is  the  process  of  expelling  a  volatile 
constituent  of  a  compound  at  a  temperature  below  fusion  without  otherwise 
affecting  chemically  the  resulting  product.  Most  hydrates  give  up  their 
water  below  300*^  C;  carbonates  (§76)  require  600  to  800**  C,  sulphates 
(Table  52)  and  clays  (§158)  600  to  1,000*^  C.  to  be  decomposed;  bituminous 
matter  is  in  part  driven  off  from  shales  at  a  low  temperature;  rocks  may  have 

*  "Temperature  and  Relative  Humidity  Data"  for  different  parts  of  the  U.  S.  arc  pub- 
lished by  the  Weather  Bureau. 

*  The  Atlas  Dryer  used  by  M.  A.  Hanna  Co.,  Ashtabula,  O.,  for  Mesabi  iron  ore,  Ud, 
Chem.  Eng.,  19 12,  x,  798. 

'  Schmatolla,  E.,  "Die  Brennofen,"  Janecke,  Hanover,  1903. 
Heinrich,  Calcining  Kilns,  Tonind-  Z.,  1909,  xxxiu,  1388. 
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to  be  burnt  at  high  temperatures  to  loosen  their  texture.  Calcining  is  confined 
mainly  to  burning  limestone,  dolomite  and  magnesite  (§163);  to  drive  oflF  CO2 
and  H2O  from  oxide  zinc  ores  and  to  the  decomposition  of  siderites  and  clays 
and  dayey  ores.  In  calcining  siderite,  the  iron  and,  in  calcining  shales,  the 
metallic  sulphides  are  incidentally  oxidized;  thus  these  operations  form  the 
transition  toward  roasting;  calcining  is  sometimes  used,  though  wrongly,  as 
S3monymous  with  roasting.  The  apparatus  and  mode  of  operating  are  similar 
to  those  employed  in  roasting. 

172.  Roasting  in  General.^ — Roasting  may  be  defined  as  heating  to  an  ele- 
vated temperature,  without  fusion  or  with  at  most  incipient  fusion,  a  metal  or 
metallic  compound  in  contact  with  O,  H20-vapor,  C,  S  or  CI  (HCl)  in  order  to 
effect  a  chemical  change  and  to  eliminate  a  component  by  volatilization.  Thus 
there  are  distinguished  oxidizing,  reducing,  and  chloridizing  roasts.  Metals 
and  metallic  oxides  are  rarely  roasted;  but  metallic  sulphides,  arsenides, 
antimonideSy  etc.  are  commonly  treated  so.  The  behavior  of  these  compounds, 
other  conditions.being  the  same,  varies  somewhat  with  the  sizes  to  which  they 
have  been  crushed,  i.e.,  whether  they  are  pulverulent,  say  8-mesh  and  finer, 
or  in  lump  form,  say  3  to  4  in.  diam. 

Friedrich*  carried  on  some  investigations  as  to  ignition  temperature  of  some 
of  the  leading  metallic  sulphides;  these  are  assembled  in  Table  153.  Of  the 
sulphides,  blende  decrepitates  at  40*^  C,  pyrite  at  60°,  pyrrhotite  at  80°,  galena 
and  millerite  at  90°,  the  gas  given  off  reddening  litmus  paper;  the  other  sulphides 
show  higher  decrepitation  temperatures. 

A  more  recent  investigation'  correlates  the  behavior,  of  a  matte  and  speise 
in  roasting  with  the  constitutional  diagram. 

173.  Oxidizing  Roast  of  Metallic  Sulphides. — In  heating  a  metallic  sulphide 
(MS)  in  pulverxilent  form  with  access  of  air  to  a  temperature  at  which  the 
affinity  of  the  S  for  O  becomes  stronger  than  for  the  metal,  usually  a  dark  red, 
there  is  formed  metallic  oxide  and  sulphur  dioxide  (MS+30=MO+S02+cal.). 
The  SO2  will  pass  off  unchanged  or  in  the  presence  of  air  it  may  be  converted 
in  part  into  SO3  by  catalysis,  thus: 

2S02+302+Si02<=^2S03+202+22,6oo  cal. ;  in  the  absence  of  air  the 
reaction, 

3S02*=^2SOs+S  may  take  place. 
(Pd+3S02=PdS+2S03;3Cu+2S02  =  CuS04+Cu2S).* 

By  coming  in  contact  with  a  metallic  oxide  which  can  form  a  metallous 
oxide  the  SO2  may  be  peroxidized  S02+2MO<=^S03+M20;  S02+3Fe203^ 
SOj+2Fe304.     The  conditions  necessary  for  effective  catalysis  are  an  excess 

'Plattner,  C.  F.,  "Die  Metallurgischen  RSstprocesse,"  Engelhardt,  Freiberg,  1856  (tr.  by 
A.  F^tis,  "Traits  thdorique  des  proc6d6s  m6tallurgiques  de  grillage,"  E.  Noblet,  Paris,  i860. 
Balling,  C.  A.  M.,  "Metallurgische  Chemie,"  Strauss,  Bonn,  1882,  p.  ZS* 
Janda,  OesL  Zt,  Berg.  Iliittenw.,  1905,  liii,  223,  234. 

*  MelaUurgie,  1909,  vi,  170. 

•  Friedrich,  MetaU-Erz.y  191 2,  i,  97. 

^  Uhl,  Berg.  Hiittenm,  Z.,  1890,  xldc,  400. 
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of  air,  a  suitable  finely  divided  substance  and  a  correct  temperature.  Fig.  363, 
representing  some  of  the  curves  of  Knietsch,*  shows  the  effects  of  indifferent 
catalyzers  and  temperatures  upon  a  gas  of  the  composition  SOt  7,  O  10,  N  S3 
per  cent,  vol.,  which  corresponds  to  the  equation  aSOi+30i  =  2SOi+20i,  In 
curves  i  to  5  platinized  asbestos  is  the  catalyzer;  from  300  to  50,000  c.c.  gas 
were  passed  per  min.  over  a  given  amount  of  contact  mass.  Curve  i  shows 
that  with  300  C.C.  per  min.  all  the  SO*  is  converted  into  SOi  at  a  temperature 
of  400  to  430°  C,  and  that  the  amount  of  SOj  formed  decreases  as  the  temperature 
rises,  the  conversion  stopping  at  1,000°  C.  Curves  a  to  5  show  that  with  an 
increased  velocity  of  gas  the  amount  of  conversion  decreases  as  is  to  be  expected, 
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and  that  the  curves  converge  and  unite  between  950  and  t  ,000°  C.  The  contact 
'  substance  is  thus  seen  to  assist  conversion  up  to  certain  temperatures  and  to 
hinder  it  beyond  these.  This  fact  is  proved  by  curve  D  representing  the  decom- 
position of  SO}  when  conducted  through  a  heated  porcelain  tube.  The  SO*  is 
stable  up  to  800°  C.  and  then  begins  to  be  decomposed  at  an  accelerated  rate 
with  rise  of  temperature.  Curve  E,  representing  the  decomposition  in  a  tube, 
filled  with  fragments  of  broken  porcelain,  brings  out  dearly  their  effect  when 
compared  with  curve  D.  That  the  catalyzing  effect  of  broken  porcelain  is 
weak  is  shown  by  curve  P  with  only  30  per  cent.  S0»  converted  into  SOj  as  a 


'  Ber.  deutsch.ckem.Ges.,  1901,  xxx 
/Br  antttBOiidl*  Ckemic.,  1903,  i,  614. 
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maximum.  Roasted  Fe203,  CuO,  etc.,  as  contact  mass  acts  more  energetically. 
Its  maximum  conversion  of  45  per  cent.,  as  seen  in  curve  F,  is  obtained  at  550* 
C.  This  then  is  the  amount  of  conversion  that  may  be  obtained  in  roasting 
sulphide  ores. 

The  SO3  formed  may  pass  off  as  did  the  SO2;  it  may  combine  with  metalKc 
oxide  to  sulphate,  or  it  may  act  oxidizingly  upon  metals  and  metallic  compounds. 
The  formation  of  metallic  sulphate  is  expressed  by  M0+S0j*=^MS04±  caL 
In  some  instances  the  whole  aim  of  a  roast  is  to  produce  sulphate,  e.g.,  in  the 
first  stage  of  chloridizing   roasting  (§177),  in  leaching  copper  ore,  zinc  ore, 
nickel  ore,  copper  matte,  etc.     The  operation  then  goes  by  name  Sulphaiiiini 
Roast.  ^    This  is  assisted  by  an  admixture  of  pyrite  (FeS2)  or  a  sulphate  (FeSOJ 
which  is  decomposed  by  heat  before  the  sulphate  that  is  to  be  formed.    It  is 
improbable  that  metallic  sulphate  is  formed  by  a  primary  reaction,  similarly  to 
the  slow  oxidation  of  a  wet  sulphide,  as  metallic  sulphate  upon  heating  is  more 
or  less  decomposed  into  MO  and  SO3,  or,  SO2+O,  but  not  into  MS  and  O4; 
precious  metal  sulphates  form  M+SO3+O. 

The  decomposition  temperatures  of  hydrous  and  anhydrous  sulphates  arc 
given  in  §77. 

It  is  generally  held  that  in  decomposing  MSO4  by  heat,  the  SOs  will  pass 
off  as  such  in  the  presence  of  a  large  excess  of  air,  and  that  it  will  be  more  or 
less  dissociated  into  SO2  and  O  in  the  absence  of  it.  Laboratory  tests*  made  by 
heating  ZnS04  in  air  and  in  a  current  of  CO2  appear  to  substantiate  this  general 
belief.  The  occasional  opinion^  that  SO3  passes  off  as  such  with  sulphates 
decomposed  at  low  temperatures  (FeS04)  and  is  split  into  SO2+O  with  high 
temperatures  seems  to  be  a  half-truth.  It  appears  reasonable  from  Fig.  263, 
but  improbable,  if  the  sulphatization  of  Ag  by  the  decomposition  of  CUSO4  in 
the  Ziervogel  process  be  considered.  Some  leading  facts  regarding  this  sub- 
ject were  given  in  §77. 

The  gangue  accompanying  the  sulphide  is  more  or  less  affected  in  roasting 
by  heat  alone  or  by  the  SO3  set  free.  This  may  be  the  case  with  some  silicates; 
CaCOs  and  MgC03  may  be  converted  into  oxides  and  sulphates.  It  has  been 
held,  e.g.,  that  in  McDougall  furnace,  treating  Butte  concentrates,  the  CaCOj 
present  was  converted  into  CaS04;  observations  made  at  Anaconda^  show  that 
the  CaCOs  is  not  decomposed  by  the  sulphurous  gases. 

The  gangue  may  affect  the  desulphatization  favorably  or  be  indifferent. 
Taking  Si02  and  Fe203  as  the  leading  minerals,  they  will  assist  the  process  if 
the  formation  of  the  silicate  or  ferrite,  is  lower  than  the  dissociation  tem- 
perature of  the  sulphate;  they  will  have  no  effect  if  it  is  higher.* 

The  oxidizing  effect  of  SO3  may  be  expressed  by  the  following  equations: 

'  Vondracek,  Oest.  Zl.  Berg.  Iliittenw.,  1906,  Liv,  437;  1907,  LV,  95. 
'  Plofman,  Tr.  A.  I.  M.  £.,  1905,  xxxv,  813. 

*  Janda,  Oest.  Zt.  Berg.  Iliittenw.,  190S,  Lm>  224. 

*  Laist,  Internat.  Congr.  Appl.  Chem.y  New  York,  1912,  vol.  iii,  p.  97;  Tr,  A.  /.  Jf .  E., 
191 2,  XLIV,  806. 

'  Mostowitsch,  Metallurgie,  ign,  viii,  771. 
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with  a  metal,  Ag2+S03=Ag20+S02;  with  a  metallic  sulphide,  FeS+3S03  = 
FeO+4S02,  Cu,S+3S08=Cu20+4SO,,  Cu2S+4S03=2CuO+5S02;  with  a 
metallic  oxide,  Cu20+S08  =  2CuO+S02. 

SO3  may,  however,  be  deoxidized  to  SO2  by  heat  alone,  S08<=^S02+0,  or 
by  coming  in  contact  with  reducing  agents,  2803+8=3802,  2S03+C  =  2S02+ 
CO2;  S03+C0=802+C02. 

The  resulting  8O2  may  also  give  up  its  O  to  reducing  agents,  S02+C  =  8+ 
COi;  S02+2C  =  8+2CO;  802+2CO  =  8+2C02;  802+4H  =  8+2H20;  3SO2+ 
2CH4=3S+2CO+4H20;  2802+C2H4=2S+2CO+2H20.  The  occurrence  of 
these  reactions  will  depend  largely  upon  the  amount  of  heat  that  has  to 
be  supplied  to  bring  them  about;  little,  if  anything,  is  known  about  their 
reversibility. 

Roasting  is  essentially  a  slow  process  carried  on*  at  a  low  temperature.    The 
cold  ore  will  be  heated  gradually,  stirred  to  bring  fresh  particles  into  contact  with 
the  air,  and  the  temperature  raised  to  decompose  the  sulphates  that  have  been 
formed.    Pulverulent  roasted  ore  is  porous  and  is  of  much  greater  volimie  than 
the  raw  ore;  its  color  varies  according  to  the  percentage  of  iron  present.    8inter- 
ing  during  a  roast  is  caused  by  the  fusion  of  a  eutectic  mixture  which  sticks  to- 
gether unf used  particles.    Sintering  or  fusion  of  the  charge  retards  the  roast,  and 
may  stop  it  altogether.    The  result  of  a  roasting  operation  will  depend  mainly 
upon  the  chemical  composition  and  size  of  the  ore,  the  admission  of  air,  the  thick- 
ness of  the   charge,  the  amount  of  stirring  of  the  ore-bed,  and  the  time  of  ex- 
posure and  temperature  of  the  furnace.    An  ore  may  be  purposely  given  only  a 
partial  roast,  when  some  of  the  8  will  remain  behind  as  8-ide  and  8-ate  sulphur, 
or  it  may  be  dead-roasted  (roasted  sweet)  when  all  the  8  will  have  been  expelled, 
an  operation  requiring  prolonged  heating  and  stirring.    If  at  the  end  of  the  roast 
the  ore  has  retained  its  pulverulent  form,  it  is  not  well  suited  for  smelting  in  the 
blast-furnace;  the  temperature  of  the  hottest  part  of  the  furnace  is  therefore 
sometimes  raised  to  sinter  the  particles  together  (sinter-roasting)  or  even  to  fuse 
them  (slag-roasting).    The  last  procedure  used  to  be  common  with  lead  ores 
free  from  or  low  in  Ag,  as  undecomposed  Pb804  is  thereby  converted  into  sili- 
cate: 2Pb804+8i02=Pb28i04+2803,  beside  furnishing  lump  ore  well  suited 
for  blast-furnace  work.     This  process  requires  a  high  temperature  even  with  a 
well-composed  charge  and  is  accompanied  by  considerable  losses  of  Pb  by 
volatilization. 

The  injection  of  steam*  in  an  oxidizing  roast  has  been  repeatedly  sug- 
gested, as  steam  has  a  decomposing  effect  upon  metallic  sulphides  at  an  elevated 
temperature.  It  is,  however,  little  used  if  at  all,  as  it  is  expensive  and  as  its 
oxidizing  effect  is  unsatisfactory.  The  reactions  taking  place  may  be  expressed 
by  the  following  examples:  3Ag28-t-2H20  =  6Ag-t-2H28+802;  Ag28-f-H20= 
AgjO+HjS;  2FeS+4H20  =  2FeO+S02+H28+6H;  3Fe82+4H20  =  Fe804+ 
4H2S+2S.  If  H28  and  8O2  are  set  free  together,  they  will  react  upon  one 
another  (2HjS+S02=2H20+38);  if  air  and  steam  have  access  together,  any 

^  Plattner,  op,  cit.,  p.  238. 
Thomas,  MetaUurgie,  1910,  vii,  610,  637  (for  treating  blende). 
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S  or  H2S  set  free  by  the  steam  vill  bxirn  (HjS+30=HjO+S02),  andSOsmay 
form  more  or  less  SOs. 

With  the  exception  of  some  iron  ores,  ores  are  roasted  in  lump  form  only, 
if  they  are  rich  enough  in  S  to  roast  of  their  own  accord  after  the  surfaces  or 
the  lower  parts  of  the  lumps  have  been  brought  to  the  kindling  temperature. 
Oxidation,  starting  at  the  surface,  generates  enough  heat  to  bring  the  underlying 
adjacent  layer  to  the  ignition  point.  In  this  way  oxidation  penetrates  toward 
the  interior;  the  lump  itself  swells  and  becomes  porous  and  fissured,  thus  fumisb- 
ing  the  air  new  avenues  of  access.  The  SO2  formed  is  in  part  converted  into 
SOs  by  the  catalyzing  effect  of  the  oxidized  rind  and  exerts  an  oxidizing  effect 
of  its  own.  With  lump  ore  the  temperature  has  to  be  carefully  regulated,  as  if 
too  high  there  is  danger  of  sintering  and  fusing  which  retards  or  stops  the  roast, 
and  if  too  low  the  elimination  of  S  is  also  imperfect.  It  is  evident  that  the  roast- 
ing cannot  be  so  complete  as  when  the  ore  is  finely  divided.  Sulphide  copper 
and  copper-nickel  ores  are  frequently  roasted  in  lump  form,  mattes  less  often 
at  present  than  formerly.  A  special  form  of  this  method  of  roasting  goes  by. 
the  name  of  kernel-roasting  practised  with  copper-bearing  pyrite;  the  formation 
of  enriched  kernels  with  sulphide  nickel  ores  has  also  been  observed. 

Losses  in  metal  that  are  encountered  in  roasting  are  due  to  dusting  and 
volatilization. 

174.  Oxidizing  Roast  of  Metallic  ArsenideSi  Antiinoiiides,  Selenides  and 
Tellurides. — Metallic  arsenic  heated  with  exclusion  of  air  is  volatilized  at  450^ 
C.  without  becoming  liquefied;  brought  to  an  elevated  temperature  with  free 
access  of  air  it  is  oxidized  to  volatile  AS2O8,  viz. :  2As+30= AssOg;  at  a  low  tem- 
perature with  a  limited  amount  of  air  gaseous  AS2O  is  also  formed:  4As+40= 
AS2O3+ AS2O.  The  AS2O3  heated  in  contact  with  an  indifferent  substance,  or 
one  difficult  of  reduction,  air  being  excluded,  forms  non-volatile  As20i  and  AsjO, 
viz.:  2As203+Si02=As20B+As20+Si02  or  2As2O3+3NiO=Ni3AsiO8+As20; 
if  air  has  access  it  is  converted  into  AS2O5,  viz.:  As203+Si02+02=  AS8O5+ 
SiOa  or  As203+3NiO+02=Ni3As208. 

Heated  in  contact  with  readily  reducible  oxide  or  sulphate,  AS2O9  is  oxidized 
at  the  expense  of  the  latter:  As203+2Fe203^4FeO+As206,  AsjOj+4CuO*=^ 

2CU2O+AS2O6,  3AS203+6CuS04=  2(CU3AS208)+AS206+6S02. 

The  process  of  roasting  finely  divided  metallic  arsenide  may  be  summarized 
by  the  following  example:  FeAs2+40  =  Fe0+As203;  one  part  AssO^  is  volatil- 
ized, another  is  peroxidized  to  AS2O6  and  forms  FesAssOg  (iron  arsenate);  a 
third  forms  Fe3As206  (iron  arsenite)  which,  however,  is  readily  decomposed 
into  arsenate,  magnetic  oxide,  and  arsenic  (2Fe3As206  =  Fe3As208+Fe804+2As) 
or  into  arsenate,  magnetic  oxide,  and  arsenious  oxide  (Fe3As206+30  =  FejAsjOg 
+Fe304+As203). 

Metallic  arsenates  are  not  decomposed  by  heat  alone;  it  requires  the  presence 
of  fumes  of  SO3  or  of  a  powerful  reducing  agent  (C,  As)  to  accomplish  iL  An 
arsenical  ore  can  therefore  not  be  dead-roasted  by  simply  heating  with  access 
of  air.  The  roasted  ore  will  contain  metallic  oxide  and  arsenate.  In  order  to 
eliminate  the  last  of  the  As,  fritting  with  alkali  and  then  leaching  with  water 
are  resorted  to  to  remove  the  soluble  alkali  arsenate  that  has  been  formed. 
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Friedrich^  carried  on  some  experiments  upon  the  ignition  and  incandescence 

temperatures  of  some  artificial  cobalt  and  nickel  arsenides.    He  found  in  the  Co 

Kries,  using  material  o.i  to  0.2  mm.  in  size,  that  Co  arsenides  with  from  46.5 

to  78  per  cent.  Co  begin  to  roast  at  temperatures  varying  between  750  and  822^ 

C,  and  that  the  ignition  and  incandescence  temperatures  do  not  rise  with  the 

percentage  of  Co.    In  the  Ni  series,  the  arsenides  ranging  in  composition 

60m  44  to  71  per  cent.  Ni  show,  in  o.i  mm.  size,  incandescence  temperatures  of 

bom  500  to  1,050^  C,  which  rise  with  the  Ni  contents.    The  same  is  the  case 

with  grains  0.1  to  0.2  mm.  diam.,  excepting  that  the  temperatures  are  higher, 

covering  a  range  of  from  680  to  1,200^  C. 

Antimonides  show  a  behavior  similar  to  that  of  arsenides,  excepting  that 
SbiOs  and  SbsOi  combine  to  form  the  stable  Sb02,  and  that  Sb208  may  be  con- 
verted into  SbiOt  by  decomposing  sulphates,  Sb208+2SOs=Sb206+2SO«.  A 
low  temperature  and  free  access  of  air  favor  the  formation  of  Sb206  and  Sb02,  a 
high  temperature  and  a  limited  air  supply  that  of  Sb203.  On  the  whole  little 
is  known  in  detail  about  the  behavior  of  antimonides. 

The  losses  in  metal  by  dusting  and  volatilization  are  usually  higher  with 
As-ides  and  Sb-ides  than  with  S-ides,  as  the  ores  have  to  be  crushed  more  finely, 
the  temperatures  have  to  be  higher,^  and  the  vapors  of  AS2O8  and  SbiOs  are 
likely  to  carry  along  with  them  finely  divided  metal,  e.g.,  Ag. 

Little  can  be  added  to  what  has  already  been  given  in  §61,  62,  80  and  81, 
regarding  the  behavior  of  Sdenides  and  TeUurides  in  an  oxidizing  roast,  as  they 
have  not  been  much  studied.'  In  general  the  behavior  of  MSe  and  MTe  in 
roasting  resembles  that  of  MS  excepting  that  both  are  less  readily  decomposed.^ 
They  are  converted  into  MO  and  volatile  Se02  (bluish  flame  and  horse-radish 
odor),  or  TeOs  (thick  white  fumes  resembling  Sb20s)  which  have  a  strong  ten- 
dency to  form  MSeOa,  or  MTeOj  difficult  of  decomposition  by  heat  alone. 
The  leading  ores  are  those  of  silver'  and  of  gold.*  The  practical  points  to 
be  considered  in  roasting  are  a  gradual  and  even  rise  of  temperature,^  a  pro- 
longed bright-red  (900^  C.)  toward  the  end,  and  the  danger  of  loss  of  precious 
metal  by  volatilization.  By  overheating  or  by  not  having  sufficient  access  of 
air*  there  is  danger  of  fritting  fine  particles  together  and  imprisoning  metal  which 
becomes  unamenable  to  solvents.  In  roasting,  Kiistel'  experienced  a  loss  of 
20  per  cent.  Au,  Smith*®  found  in  i-hr.  tests  on  Colorado  ores  losses  averaging 


•  MetaUurgie,  1910,  vii,  79. 

"  Howe-Campbell- Knight,  Tr.  A.  I.  M..E.y  1907,  xxxvni,  162. 

•  Davis,  WesL  Chem.  and  Met.j  1908,  iv,  137. 

•  Pearce,  Proc,  Col.  Sc.  Sac.,  1894-96,  v,  147. 

»  Merz,  Oest.  ZL  Berg,  HUUenw,,  1904,  Ln,  59,  71,  86,  99;  MciaUurgiCy  1904,  i,  142, 163, 185. 

•  Kemp,  Min.  Ind.,  1897,  vi,  295. 

^  Greenawalt,  Eng,  Min,  /.,  1905,  lxxx,  145,  165;  1906,  lxxxii,  193. 

•  Merrill,  Tr.  A,  I,  M,  £.,  1895,  xxv,  104. 

•  "Roasting  Gold  and  Silver  Ores,"  Leary,  San  Francisco,  1880,  p.  57. 
"  Tr.  A.I.M.  E.y  1896,  XXVI,  494. 


410  GENERAL  METALLURGY 

II. 5  per  cent.  Au  and  8.5  per  cent.  Ag;  Skewes^  records  higher  losses.    In  actual 
work^  the  losses  are  very  much  lower,  sometimes  practically  nil. 

Mac  and  Scibird^  in  roasting  telluride  gold  from  Colorado  in  which  calavcr- 
ite,  melting  at  365^  C,  is  the  leading  gold  mineral,  foimd  that  heating  gradually 
to  830°  C.  with  the  necessary  air  was  sufficient  to  eliminate  the  S,  and  that  the 
desulphurization  was  not  affected  by  the  size  of  ore  particles  as  long  as  they  were 
smaller  than  14-mesh.  Te  began  to  be  driven  off  at  550  to  575**  C;  this  contin- 
ued up  to  the  melting-point  of  Au  (1,064**  C.);  shotting  of  Au,  t.e.,  its  presence 
in  roasted  ore  in  the  form  of  pellets,  was  due  to  fusion  of  telluride  mineral  and 
began  at  550°  C.  The  loss  in  gold  was  2.04  per  cent.;  in  practice  it  would  be 
smaller  as  part  is  recovered  in  the  form  of  flue-dust.  Davis*  has  employed  the 
microscope  for  testing  the  effect  of  roasting  upon  telluride  gold  ores, 

175.  Reducing  Roast. — This  means  heating  an  oxidized  metallic  compound 
in  contact  with  C,  CO,  CxHy,  (S)  in  order  to  effect  a  deoxidation  bdow  the 
temperature  of  fusion.  Thus  hematite  ore  is  heated*  in  a  more  or  less  re- 
ducing atmosphere  in  contact  with  solid  fuel  to  convert  Fe^Oa  wholly  or  in 
part  into  Fe304  .that  it  may  be  readily  separated  from  its  gangue  by  magnetic 
concentration. 

Metallic  sulphates*  that  are  completely  decomposed  by  heat  alone  are  partly 
reduced  below  the  decomposing  temperature  when  treated  in  contact  with  car- 
bonaceous matter,  the  SOs  oxidizing  the  C,  viz.:  2MSO4+C  =  2MO+2S0i+ 
CO2  or  4MSO4+3C  =  2M2O+4SO2+3CO2.    Thus  C  begins  to  act  upon  ZnSOj 
at  409°  C,  while  the  salt  begins  to  be  decomposed  by  heat  alone  at  702**  C. 
Schorr*  found  that  upon  addition  of  charcoal  at  560**  C.  to  partly  roasted  matte 
the  5  per  cent,  soluble  CUSO4  was  quickly  reduced,  and  CuSOi  is  decomposed  by 
heat  alone  at  653°  C.    The  decomposition  of  a  MSO4  by  means  of  a  reducing 
roast  is,  however,  imperfect,  as  the  reaction  MS04+2C  =  MS+2CC)j  may  take 
place  at  the  temperature  at  which  the  partial  reduction  becomes  decidedly 
active;  thus  Fe2S06+2C  =  2FeO+2CO+S02  and  Fe2S06+5C  =  FeS+FeO+ 
5 CO  may  take  place  at  the  same  time,  one  overlapping  the  other. 

The  partial  reduction  of  arsenates  (and  antimonates)  is  less  complete  than 
that  of  the  corresponding  sulphates.  Plattner*  found  that  ferric  arsenate  was 
thus  readily  decomposed  (Fe2As208+2C  =  Fe208+As208+2CO  or  Fe2AsiOi+ 
4C  =  Fe203+As20+4CO),  CU3AS2O8,  less  readily  but  still  satisfactorily  and 
Ni3As208  and  CoaAsoOs  very  imperfectly.     Pearce^®  experimenting  with  an  ore 

•  Eng.  Min,  /.,  1898,  lx\%  488. 

'  Argall,  Min.  Ind.j  1897,  vi,  372. 
Rothwell,  op.  cit.j  1900,  ix,  364. 

•  Min.  Sc.  PresSf  1907,  xcv,  751,  777. 

•  West.  Chem.  Met.,  1908,  rv-,  137. 

'  Phillips,  Tr.  A.  I.  M.  £.,  1895,  xx\%  399. 

•  Gay-Lussac,  Erdmann*s  J.  prakt.  Chcm.y  1837,  xi,  65. 
^  Hofman,  Tr.  A.  I.  M.  £.,  1905,  xxv,  834. 

•  School  Min.  Quart. ^  1900,  xxi,  66. 

•  Op.  cit.f  p.  252. 

"  Tr.  A.  I.  M.  E.f  1889-90,  XVIII,  62,  457. 
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consisting  of  chalcopyrite,  bornite  and  enargite,  reduced  the  original  3.26  per 
cent.  As  in  a  dead-roast  to  2.50  per  cent,  and  succeeded  in  lowering  this 
figure  by  a  reducing  roast  to  only  2.19  per  cent,  Plattner  further  found  that 
Ni(Co)AsjOg  could  be  converted  into  Ni(Co)»AsjOu  as  long  as  Ni  prevailed 
over  Co,  and  that  indefinite  basic  salts  were  formed  if  the  reverse  was  true, 
Ho  we- Camp  bell -Knight'  found  that  the  addition  of  charcoal  to  smaltite  (CoAsi) 
at  the  beginning  or  the  end  of  an  oxidizing  roast  failed  to  increase  the  expulsion 
of  As.    Little  is  known  about  the  behavior  of  Sb-,  Se-  and  Te-ides. 

A  special  form  of  reducing  roast  of  metallic  sulphides  in  which  S  acting  as  a 
deoxidizing  agent  liberates  the  metal  component  in  the  metallic  state,  goes  by 
the  name  of  reaction-roast.  It  is  practised  in  some  lead  (PbS+PbS04=  iPb 
+  2S0,  and  PbS-|-2PbO  =  .5Pb-fSOi)  and  copper  (CuiS+2Cu,0  =  6Cu-f-SO, 
and  CuiS  +  iCuO  =  4Cu+SO-)  smelting  processes. 

176.  Blast-roast. — Blast-roasting  is  a  generic  term  given  by  A.  S.  Dwight* 
to  the  process  of  forcing  air  through  finely  divided  metallic  sulphide  with  the 
object  of  roasting  and  agglomerating  in  a  single  operation.  The  process  which 
originated  with  Huntington  and  Heberlein'in  1889  was  confined  to  a  galena  con- 
centrate, limestone  being  added  to  serve  both  as  a  diluent  to  keep  separate 
the  particles  of  galena  that  they  might  be  thoroughly  oxidized,  and  as  a  flux  that 
the  partly  roasted  ore  might  be  agglomerated  by  the  formation  of  a  sinter. 
Later  the  process  was  extended  to  treat  other  sulphides,  as  well  as  arsenides;^ 
it  has  more  recently  been  adopted  to  the  agglomerating  of  finely  divided  iron  ore 
by  the  addition  of  pulverized  coal  which  furnishes  all  the  heat  that  is  required.* 
As  Huntington  and  Heberlein  used  limestone  with  their  rough-roasted  ore,  the 
term  "lime-roasting"  was  proposed  by  Ingalls.*  In  the  development  of  the 
processitwasfound  that  lime  although  desirable  with  lead  ores  was  not  necessary 
and  was  even  harmful  with  some  other  sulphide  ores.  Austin'  proposed  the 
term  "pot -roasting"  as  the  operations  were  carried  out  in  spherical  kettles,  but 
since  the  advent  of  the  Dwight-Lloyd  roasting  machines  this  second  term  has 
lost  its  original  generic  meaning. 

The  last  two  expressions  are  still  used  while  "bessemer-roasting"  and 
"blast-  and  down-draft  sintering"*  and  others  have  remained  suggestions.  In 
the  original  Huntington  and  Heberlein  process  the  galena  concentrate  mixed 
with  limestone  is  given  a  preliminary  rough-roast,  in  order  to  oxidize  some  of 
the  sulphide  and  thus  reduce  its  calorific  power,  before  it  is  moistened  and 
charged  into  the  converting  pot.     In  the  later  Savelsberg  process*  the  moistened 

>  Tr.  A.  I.  M.  £.,  i()07.  Kxxvni.  16:. 

'£»(.  Min.  J.,  1908,  L.XXXV,  649. 

'  U.  S.  Patent  No.  6<xi347.  March  8,  1808;  £»(.  Min.  J.,  ii)o6,  ixxxi,  1005. 

*  GuSlemain,  ifelailiirgir,  1910,  vii,  595. 
Hahn,  Eng.  Min.  J.,  igii.  xli,  838. 

^Uin.lnd.,  i9ii.xx,4Hi. 

*  Ent-  if  in.  J.,  1905,  ixxx,  403. 

*  Min.  S(.  Press,  J906.  xciii,  51 1. 

*  Mtt.  ClicrH.  Bug.,  1910,  VIII,  137.  III. 

*  U.S.  Patent  No.  755598,  March  )i,  1904:  Eng.  Uin.J..  1905,  lxxx,  1067: 1096.  uuui,  g. 
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galena-limestone  mixture  is  blown  direct  without  having  been  subjected  to  a 
rough-roast. 

In  the  third  modification,  the  Carmichael-Bradford  process,^  the  mode  of 
operating  is  the  same  as  with  the  Savelsberg,  only  limestone,  is  replaced  by  de- 
hydrated gypsum.  These  three  established  processes,  as  well  as  some  other 
modifications,  are  characterized  as  the  up^raft  operations^  and  are  usually 
intermittent;  the  Dwighi-Uoyd  process^  is  the  leading  representative  of  the 
down-draft  operation  which  is  usually  continuous. 

Many  theories  have  been  proposed  regarding  the  chemical  reactions 
that  occur  in  blast-roasting.  The  general  conclusion^  is  that  blast-roasting  is 
nothing  more  or  less  than  an  enforced  ordinary  roast,  in  which  a  large  volume  of 
air,  forced  or  drawn  into  the  ore-charge,  surrounds  the  single  particles  of  sulphide, 
drives  off  the  SO2  as  soon  as  formed,  and  thus  counteracts  to  some  extent  the 
formation  of  MSO4;  at  the  same  time  it  causes  the  oxidation  to  proceed  at  sudi 
a  speed  that  the  heat  generated  causes  the  resulting  oxide  to  form  a  sintered 
mass  with  the  accompanying  gangue  or  added  flux. 

For  the  success  of  a  blast-roast,  it  is  essential  that  the  sulphurous  gases 
formed  be  withdrawn  as  quickly  as  possible;  that  the  heat  furnished  by  the 
oxidation  be  sufficient  for  agglomeration  and  not  in  any  great  excess  over  the 
amount  required;  that  the  quality  and  quantity  of  diluent  flux,  or  the  gangue, 
be  such  that  it  form  with  the  oxide  a  sintered  mass;  that  the  size  and  form  of 
ore  as  well  as  of  diluent  flux,  be  correct;  and  that  the  operation  be  carried  out 
in  a  suitable  manner. 

The  quick  withdrawal  of  SO2  as  soon  as  formed  prevents  its  being  converted 
into  SO3  by  catalysis  and  acting  upon  oxide  or  sulphide.  As  regards  the  heat 
set  free  in  roasting,  it  is  well  to  recall  that  the  amounts  liberated  by  the  oxidation 
of  metals,  such  as  Zn,  Fe,  Ni,  Pb,  Cu,  per  molecule  O,  are  much  greater  than 
is  that  by  the  burning  of  S  to  SO2,  viz.,  (Zn,  0)=  84,800  cal.,  (Fe,  O)  =65,700, 
(Ni,  O)=6i,5oo,  (Pb,  O)  =  5o,8oo,  (Cu20)=4o,8oo  (S,  O2)  =  34,63o  cal.  Thus, 
a  low-grade  copper  matte,  or  one  that  is  rich  in  Fe,  will  behave  diflFerently  from 
one  that  is  high-grade  or  poor  in  Fe,  and  a  lead  matte  differently  from  a  galena 
concentrate,  on  account  of  the  high  temperatures  developed  by  the  first,  as 
compared  with  the  second.  On  account  of  the  large  amount  of  heat  developed 
by  the  oxidation  of  As  per  molecule  oxygen,  viz.,  (As2,03)  =  52,100  cal.,  an  arsenide 
will  not  be  so  readily  blast-roasted  as  a  corresponding  sulphide  although,  the  heat 
of  vaporizaton  of  arscnious  oxide  has  to  be  deducted  from  the  above  high  value. 

There  are  five  ways  open  for  correcting  the  heating  effect  of  an  excess  of 
metallic  sulphide:  One  is  to  add  an  extra  amount  of  water  to  the  charge,  «.^., 
15  per  cent,  as  against  the  usual  5;  another  to  rough-roast  the  ore  in  a  fine-ore 
kiln  or  reverberatory  furnace,  and  thus  convert  part  of  the  sulphide  into  sul- 
phate and  oxide;  the  third  is  to  dilute  the  ore  with  sufficient  flux  to  reduce  the 

*  U.  S.  Patent  No.  705904,  July  29,  1902;  Tr.  A.  I.  M.  £.,  1908,  xxxrx,  629. 
'  Hofman,  Tr.  A.  I.  M.  E.,  1910,  xli,  740. 

'  Hofman,  op.  cit.,  p.  755. 

*  Hofman,  Kng.  Min.  /.,  191 1,  xci,  48. 
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calorific  power  of  the  ore  mixture;  the  fourth  is  to  choose  a  diluent  of  high  specific 
heat;  the  fifth,  a  suggestion  of  Savdsberg,  to  blow  in  air  containing  less  than  the 
normal  amount  of  oxygen. 

Wetting  down  the  charge  is  the  simplest  expedient,  but  water  can  be  used 
only  in  limited  amounts.  Rough-roasting  not  only  decomposes  part  of  the 
metallic  sulphide,  but  changing  this  into  oxide  contributes  thereby  a  certain 
amount  of  diluent  and  correspondingly  diminishes  the  quantity  of  extraneous 
material  that  would  otherwise  have  to  be  added.  As  a  rough-roast  in  a  mechani- 
cal furnace  is  a  cheap  operation,  this  method  offers  many  advantages  over  the 
third,  the  addition  of  flux  to  the  raw  ores.  With  this  method  an  economic  limit 
is  quickly  reached,  as  it  decreases  the  smelting  power  of  the  blast-furnace  for  ore, 
the  capacity  of  the  shaft  being  taken  up  by  flux.  Dilution  of  air  with  fuel  gases 
has  not  been  tried. 

The  efiFect  of  the  diluent  upon  the  roast  is  two-fold.  It  holds  apart  the 
sulphide  particles  and  thereby  favors  the  speed  of  the  roast.  As  far  as  this 
mechanical  efiFect  is  concerned  the  character  of  the  diluent  has  no  influence  upon  - 
the  result,  but  with  the  thermal  and  chemical  behavior  the  case  is  different,  as  it 
is  essential  for  a  blast-roast  that  complete  oxidation  of  the  sulphide  be  accom- 
panied or  closely  followed  by  sintering,  or  fusing.  The  latter  takes  place  at  a 
slightly  higher  temperature  than  the  former;  with  silicate  mixtiu-es,  the  two 
curves  usually  run  parallel.  The  specific  heat  of  the  flux  or  the  gangue  must 
be  such  as  to  absorb  any  excess  heat  generated  by  the  forced  roast,  acting  as  a 
thermal  balance-wheel  which  equalizes  the  temperatiure  and  holds  it  at  a  point 
at  which  roasting  and  sintering  can  proceed  at  the  desired  rate  and  in  the 
required  degree.  K  the  specific  heat  is  too  low,  the  temperatiure  rises  too 
quickly  and  the  charge  fuses  before  it  is  sufficiently  roasted;  if  it  is  too  high,  too 
much  heat  is  absorbed,  the  temperature  of  the  sulphide  is  too  low  for  a  perfect 
roast  and  especially  for  the  desired  sintering,  with  the  result  that  part  of  the 
charge  is  imperfectly  roasted  and  remains  pulverulent.  The  following  sub- 
stances are  arranged  approximately  in  the  order  of  their  specific  heats,  the  first 
having  the  lowest:  Lead  oxide,  cerussite,  anglesite,  barite,  copper  oxide,  with- 
eijte,  manganese  oxide,  iron  oxide,  iron  silicate,  calcium  sulphate,  basic  copper 
carbonate,  alumina,  silicate  low  in  iron,  hornblende,  limestone,  sandstone,  ground 
brick,  dolomite,  clay,  copper  and  lead  blast-furnace  slag,  gypsum. 

As  regards  the  chemical  effect  of  the  flux,  it  is  essential  that  the  mixtures  have 
a  composition  which  sinters  at  a  low  temperature,  forming  silicate.  For  exam- 
ple, with  lead  ores  the  composition  is  usually  one  which  will  result  in  a  singulo- 
silicate  of  low  formation  temperature  formed  from  the  remaining  components 
after  the  amount  of  lead  and  matte  expected  has  been  deducted.  Of  course,  if 
the  percentage  of  metallic  sulphide  is  too  low,  with  galena  ore  7  to  10  per  cent, 
sulphur  or  less,  raw  sulphide  will  have  to  be  added  to  the  charge. 

The  size  of  grain  of  the  ore  will  be  the  same  as  that  which  has  been  found 
to  be  best  for  an  ordinary  roast,  i.e.,  for  galena  about  8-mesh;  the  grain  of  the 
flux  ought  to  be  coarser  with  a  galena  charge,  about  4-mesh;  further,  the  grains 
ought  to  be  angular  and  not  rounded,  in  order  that  they  may  interlock,  resist  the 
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pressure  of  the  blast  and  keep  open  the  spaces  necessary  to  furnish  free  access 
to  the  air.  The  flux  will  therefore  be  crushed  fine  in  rolls  and  not  in  ball  mills 
or  similar  apparatus  furnishing  rounded  grains. 

As  regards  the  mode  of  operating,  it  is  essential  that  the  components  of  a 
charge  be  intimately  mixed;  further,  it  has  been  found  necessary  to  moisten  the 
charge.  The  water  acts  in  two  ways,  in  that  it  prevents  dusting  and  keqis 
down  the  temperature,  excess  heat  being  absorbed  by  vaporization  of  the  water. 
177.  Chloridizing  Roast. — The  aim  of  a  chloridizing  roast  is  to  convert 
metals  into  chlorides  and  thus  render  them  amenable  to  solvents;  incidentally 
volatile  chlorides  are  formed  which  may  or  may  not  be  recovered.  The  chlori- 
dizing agents  are  CI,  MCU,  and  HCl-gas.  The  raw  materials  for  producing 
them  are  NaCl  (MgCl2),  MSO4,  H20-vapor  and  occasionally  SiOs;  MS  and 
SiOs  are  either  already  present  in  the  ore  01,  if  absent,  have  to  be  added. 

CI  is  produced:  (i)  By  the  interaction  of  NaCl  and  SOj  at  an  elevated  tem- 
perature: 2NaCl+2S03=Na2S04+S02+Cl2,  the  SOj-vapor  resulting  from  the 
oxidation  of  the  S  of  the  charge;  (2)  by  the  combined  action  of  SiOs  .and  0 
upon  NaCl  at  a  comparatively  high  temperature:  2NaCl+SiC)j+O=Na2Si0i 
+CI2;  this  reaction  is  insignificant  at  ordinary  roasting  temperatures;  (3)  by  the 
heating  of  MCI,  without  or  with  access  of  air:  2CuCl2^Cu2Cl2+Cl2;  4CUCI1+ 

02  =  Cu402Cl4+2Cl2;  3MnCl2+202  =  Mn304+3Cl2;  3FeCl2+20,=FcA+ 
3CI2.  The  resulting  nascent  CI  acts  little  upon  metallic  oxides,  more  sO  upon 
metals  (Ag+Cl=AgCl;  Au+3Cl=AuCl3)  and  their  sulphides  (4Cl+CutS+30 
=  2CuCl2+S03),  arsenides  and  antimonides. 

Metallic  chlorides  are  produced  by  the  action  of  NaCl  or  higher  MCU  upon 
M,  MS  and  MSO4,  viz.:  Fe2Cl6+2Ag  =  2AgCl+2FeCl2;  2NaCl+2Ag+C02+ 
0  =  Na2C03+2AgCl;  Fe2Cl6+CuS  =  CuCl2+2FeCl2+S;  Fe2CU+CuiS  =  2  CuQ 
+  2FeCl2+S;  CuCi2+Ag2S04=2AgCl+CuS04;  and  2NaCl+PbS04=PbCli 
+Na2S04.     They  act  in  a  manner  similar  to  CI. 

Hydrochloric  acid  is  formed:  (i)  By  SOs,  S-ate  or  Si02  acting  upon  NaCl  in 
the  presence  of  H20-vapor,  2NaCl+S03+H20  =  Na2S04+2HCl;  2NaCI+ 
MgS04+H20  =  Na2S04+MgO+2HCl;  2NaCI+Si02+H20  =  Na,Si03+2HCl; 
(2)  by  the  action  of  HjO-vapor  upon  MClx,  viz.:  H20+MCl2  =  MO+2HCl;  (3) 
by  the  action  of  CI  upon  CxHy,  viz.:  CxHy+Cly  =  Cx+yHCl  and  Cx+Ott^ 
XCO2.  In  order  to  obtain  more  water-vapor  than  enters  a  furnace  with  the  air 
and  the  fuel,  the  ash-pit  of  the  fireplace  is  sometimes  filled  with  water  in  order  that 
water-vapor  may  be  generated  by  the  ashes  dropping  into  the  water.  Nascent 
HCl  acts  to  some  extent  upon  metallic  oxides  (Ag2O+2HCl  =  2AgCl+H20) 
and  has  a  strong  decomposing  effect  upon  metallic  sulphates  (AgiS04+8HCl= 
2AgCl+SCl2+4H20+4Cl),  arsenates  (2Ag3As04+i6HCl=6AgCl+2AsCl3+ 
8H20+4Cl),andantimonates(2AgSb03+i2HCl=2AgCl+2SbCU+6H,0+4Cl). 

Chloridizing  roasting  finds  its  main  application  in  the  leaching  of  some  cop- 
per ores  (Longraaid-Henderson  process),  and  nickel  ores  (Stahl  process),  and 
in  the  leaching  and  amalgamating  of  real  sUver  ores.  Conducting  CI  or  HCl-gas 
through  suitable  prepared  ores  has  little  effect  on  Cu  and  Ag,  as  the  gases  act 
mainly  in  the  nascent  state.    As  CI  has  hardly  any  effect  upon  MO,  and  HCl 
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very  little,  and  as  both  act  upon  metals,  MS,  MAs,  MSb,   and   espyedally   I 
upon  MSO,,  MAsOi,  MSbO,,,  itiscvidentthalifametalistoescapechloridation 
it  ought  to  be  present  as  an  oxide.     If  FcS  is  to  be  chloridized,  the  temperature  of 
the  charge  will  have  to  be  maintained  at  about  Goo°  C.  when  the  FeSO*,  formed 
during  the  first  stage  of  the  roast,  is  decomposed.     In  chloridizing  sulphide  | 
copper  ores,  the  FeSi  will  have  been  mostly  converted  into  Fe;Oa  by  a  prelim-   \ 
inary  oxidizing  roast  before  any  salt  is  added  to  the  charge.  J 

The  temperature  for  chloridizing  will  be  held  at  about  670°  C.  to  750°  C.    \ 
when  CuSO*  loses  part  of  its  SOi  and  CuCU  is  formed,  but  only  very  little- 
FeClj,  the  latter  being  due  mainly  to  the  decomposition  of  FeaSOs  =  FejO]+ 
aSO(  at  a  temperature  below  that  of  CuSO^.     With  silver  ores  the  chloridizing 
temperature  lies  above  that  best  suited  for  copper  ores;  with  Ni  ores'  the  origi- 
nal ore  is  roasted  nearly  dead  and  the  necessary  sulphide  added  later  in  the  form 
or  FeSj  with  the  NaC!  in  order  that  C!,  or  HCl,  may  act  upon  the  remain-  J 
ing  NiSOi  or  Co.SO,.     These  sulphates  will  have  to  be  more  or  less  decom-  I 
posed  before  Mn  can  be  satisfactorily  chloridized.  1 

In  a  chloridizing  roast  there  are  generally  distinguished  two  stages,  a  pre-  ■  1 
paratory  roast  which  usually  is  more  or  less  sulphatizing,  and  a  finishing  roast 
in  which  the  desired  metal  is  converted  into  chloride.    The  gangue  of  an  ore    j 
is  likely  to  be  affected  by  the  operation.     While  quartz  remains  practically  un-    I 
changed,  porphyry  and  other  alumina-bearing  rocks  may  be  slightly  decom-   I 
posed;  Ca(Mg)CO,  is  converted  into  Ca(Mg)0,  Ca(Mg}SO*  and  Ca(Mg)Cl,; 
CaO  has  a  decomposing  effect  ujTOn  base-metal  chlorides;  CaSO»  is  indifferent. 
All  decomposition  of  country-rock  increases,  of  course,  the  amount  of  MS  and 
NaCl  necessary  for  carrying  on  the  process.    Losses  in  metal  are  likely  to  behigh. 
Base-metal  chlorides  are  volatile  at  low  temperatures;  AgCI,  while  non- volatile  at 
roasting  temperature,  is  carried  away  more  or  less  by  the  base-metal  chlorides  and 
Ihus  volatilized  for  practical  purposes.    Losses  in  Au  are  likely  to  be  very  high. 
178.  Roasting  Apparatus  in  General. — ^The  apparatus  used  for  roasting  ores 
show  a  great  diver&ily  of  form  which  ia  caused  by  the  character  of  the  ore,  the 
Icind  of  roast,  the  tonnage  required,  and  the  cost  of  plant  and  of  operating. 
The  various  forms  may  be  classified  as  follows: 


.  Raked  by  hand: 

Furnaces  with  one  hearth. 

Furnaces  with  Iwo  or  mure  superimposed  beutlu. 
.  Raked  mechanically: 

Furnaces  wi[b  stalionary  hearth. 

Furnaces  with  rutaiing  circular  hearth. 

Furnaces  with  revolving  cylindrical  hearth. 
,  Automatic  for: 

Fine  ore. 


II.  StaUs. 
ni.  Shaft  furnace 


'Stahl.  Berg,  u,  JllU 
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V.  Muffle  furnaces. 


VI.  Kilns. 


z.  Raked  by  hand: 

Furnaces  with  one  muffle. 

Furnaces  with  two  or  more  superimposed  muffles. 

2.  Raked  mechanicaUy: 

Furnaces  with  stationary  muffle. 
Furnaces  with  rotating  circular  muffle. 
Furnaces  with  revolving  cylindrical  muffle. 

3.  Automatic. 

1.  Raked  by  hand. 

2.  Raked  mechanically. 

3.  Automatic  for: 

Coarse  ore. 
Fine  ore. 


Vn.  Blast-roasting  apparatus. 


_-     ,    -^         .  Intermittent. 
Up-draft —  <   /^     ^. 

I   Contmuous. 


Down-draft 


Intermittent. 
Continuous. 


llie  following  discussion  is  general  in  character,  as  it  is  only  to  bring  out  the 
main  points  of  the  leading  types;  the  details  of  the  apparatus  and  their  workings 
belong  to  the  metallurgy  of  the  several  metals  with  which  the  furnaces  find 
application. 

279.  Heaps. — Roasting  in  heaps,  Figs.  240  and  241,  requires  that  the  ore 
be  a  metallic  sulphide  and  coarse,  t.f.,  in  lump  form.  Lump  ore  may  be  in 
part  replaced  by  briquettes.  The  operation  consists  in  piling  up  the  ore  to  the 
form  of  a  tnmcated  pyramid  on  a  bed  of  wood  on  a  suitably  prepared  ground, 
and  igniting  the  fuel  which  heats  the  superincumbent  charge  and  starts  the 
oxidation.  If  the  charge  contains  sufficient  metallic  sulphide  to  keep  up  active 
combustion,  the  process  will  proceed  of  its  own  accord;  if  not,  the  lack  has  to  be 
made  up  by  mixing  in  fine  fuel.  In  some  instances  black-band  iron  ores  or 
copper-bearing  bituminous  shales  are  roasted  in  heaps.  These  may  not  require 
a  fuel  bed  to  start  the  process,  the  oxidation  of  the  bitumen  furnishing  the 
necessary  heat  instead  of  the  S. 

The  most  important  dimension  of  a  heap  is  the  height;  the  length  and  width 
have  little  influence  upon  the  result  of  the  roast.  The  height  varies  inversely 
as  the  percentage  of  S;  an  ore  with,  say,  10  to  12  per  cent.  S  can  stand  7  ft. 
height,  one  with  35  per  cent.  S  only  5  ft.;  the  greater  the  height  the  stronger  the 
draft  and  hence  the  more  energetic  oxidation;  if  the  roasting  proceeds  too 
quickly  the  temperature  rises  sufficiently  to  melt  the  sulphide  ore,  and,  with 
fusion,  roasting  stops.  Heaps  usually  are  6  ft.  high.  It  is  more  advantageous 
to  have  one  large  heap  than  several  small  ones  of  the  same  combined  capacity, 
as  it  is  cheaper  to  build,  run  and  pull  down,  and  as  it  furnishes  less  fines  to  be 
re-roasted. 

The  location  of  the  roast  yard  is  usually  so  chosen  that  the  heap  may  be 
protected  from  strong  winds,  and  so  that  the  prevailing  wind  may  blow  the  fumes 
away  from  the  works.  The  area  of  the  roast  yard  must  be  large,  as  heap- 
roasting  is  a  very  slow  process  and  locks  up  much  ore;  the  arrangements  for 
handling  raw  and  roasted  ore  must  be  efficient,  as  excepting  that  it  furnishes 
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lump  (Jre  for  the  blast-Iurnace,  the  process  has  little  in  its  favor  if  Jt  Is  not 
cheap. 

Ore  heaps  are  rarely  covered  with  sheds  as  is  sometimes  the  case  with  matte 
heaps.  The  ground  on  which  the  heap  is  to  be  built  must  be  dry  and  solid, 
similar  to  a  macadamized  road.  In  most  instances  it  is  necessary  to  prepare  the 
ground.  A  ditch  is  dug  at  the  upper  side  to  prevent  water  from  running  on  to 
the  yard  which  has  a  gentle  slope  toward  the  discharge-track  or  slopes  toward 
the  sides  to  drain  off  water.  Drainage  is  often  assisted  by  underground  tile 
drains.  Lack  of  drainage  has  been  the  cause  of  considerable  loss  of  metal  in  the 
form  of  soluble  sulphate,'  In  order  to  make  the  ground  hard,  the  surface  soil 
is  removed  and  the  excavated  space  filled  with  rock  or  coarse  slag;  the  inter- 
stices are  then  filled  with  coarse  to  fine  gravel  (concentrator  tailing  or  granu- 
lated slag),  and  this  surface  is  covered  with  loam  and  rolled  down.  The 
finished  yard  should  be  a  little  higher  than  the  surrounding  ground.  The  ore 
for  the  heap  has  to  be  crushed  and  is  usually  sized  into  three  grades:  Coarse, 
J-7S  ^  3  in-;medium  (ragging),  1.75  in.  to  3-mesh;and  fine,  <3-mesh.  The 
coarse  forms  the  body  of  the  heap,  the  medium  the  main  cover,  and  the  fine  a 
layer  varying  in  thickness  to  govern  the  progress  of  the  roast.  Heap-roasting 
is  practised  mainly  in  connection  with  low-grade  sulphide  copper  ores  and  sul- 
phide copper-nickel  ores;  formerly  matte  was  treated  in  this  manner,  but  the 
process  is  too  slow  for  rich  ore  or  for  an  enriched  smelter  product. 

The  main  advantages  of  heap- roasting  are  cheapness  of  plant  and  of  opera* 
tion,  small  consumption  of  fuel  with  ores  rich  in  S,  and  a  coarse  product  for  the 
blast-furnace.  The  disadvantages  are  that  the  ore  must  be  coarse,  that  the 
ehmination  of  S  is  incomplete,  that  the  operation  is  slow,  intermittent  and 
dependent  upon  the  weather,  that  there  is  danger  of  loss  by  dusting,  tramping 
under  foot,  and  by  leaching,  and  that  the  vegetation  of  the  surrounding  country 
is  killed. 

180.  Stalls. — Roasting  in  stalls,  Figs.  7\i  and  343,  also  requires  that  the 
ore  be  in  lump  form.  A  stall  is  an  oblong  enclosure  surrounded  on  three  sides 
by  permanent  walls,  usually  slag  brick ;  the  fourth,  the  front,  is  wholly  or  partly 
closed  by  a  temporary  wall  of  day  brick  laid  dry  or  an  iron  plate  which  has  to 
be  removed  every  time  the  stall  is  to  be  emptied.  A  number  of  stalls  are  built 
either  in  a  single  row  against  a  main  wall,  or  preferably  in  a  double  row  as  in 
Figs.  242  and  243,  back  to  back,  mth  a  main  flue  between,  as  this  effects  a  saving 
in  cost  of  plant,  reduces  waste  of  heat  and  facilitates  the  charging  of  ore  and  the 
removal  of  gases.  The  top  of  the  stall  is  usually  open;  formerly  it  frequently 
was  covered  by  a  brick  arch  or  an  iron  plate  when  it  was  necessary  to  carry  off  all 
the  fumes  (Hg)  or  it  was  desired  to  confine  the  heat  in  the  charge.  A  good  draft 
and  a  careful  regulation  of  the  admission  of  air  arc  essential  for  good  work. 
The  height  of  a  stall  is  governed  by  the  same  considerations  as  that  of  a  heap;  as 
regards  the  length  and  width  the  conditions  are  just  the  reverse.  Since  the  larger 
the  stall,  the  more  difficult  the  regulation  of  the  air  current,  hence  small  sizes 
are  the  rule,  say  8X6  ft.  and  6  ft.  high.  Usually  the  coarse  ore  is  placed  on  a 
W«ndl,  Sthool  if  in.  Quart.,  1885-86,  vn,  173,  180. 
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bed  of  wood ;  it  is  followed  by  some  medium-size  ore  and  this  by  a  small  amount  oi 
fines  acting  as  a  cover.  In  some  instances  a  bed  of  wood  for  starting  the  roast 
has  been  dispensed  with  by  having  several  small  grates  in  an  end-wall,  as  in  tlie 
Wellner  stall  ^  to  kindle  the  ore«  or  by  having  a  heavy  grate  1 8  to  24  in.  above  tlie 
floor,  as  in  Vershire,*  Vermont,  or  Boston,'  Massachusetts,  to  carry  a  nuitte 
charge  and  fire  it  from  below.  These  and  other  modifications  are  obsolete  and 
dcscr\'edly  so;  anything  that  complicates  the  construction  and  operation  of  a 
stall  increases  the  cost  and  thus  makes  its  existence,  already  precarious,  impos- 
sible under  present  industrial  conditions. 

Roasting  in  stalls  has  certain  advantages  over  roasting  in  heaps  :^  There  is 
A  better  distribution  and  utilization  of  heat,  hence  a  smaller  consumption  of 
fuel;  there  is  less  loss  of  ore  by  dusting,  tramping  and  leaching;  the  fiunescan 
be  more  easily  disposed  of.  The  disadvantages  are  cost  of  plant  and  of  repairs, 
and  greater  expense  in  charging  and  discharging.  The  questions  of  size  of 
cluirge  for  a  heap  and  a  stall,  and  of  handling  of  roasted  ore  appear  to  have  been 
the  leading  factors  to  put  the  stall  in  the  back-groimd.  A  heap  20X40X6  ft 
holds  240  tons  of  pyritic  ore,  and  takes  80  days  for  building,  roasting  and 
tearing  down,  i.e.j  it  furnishes  3  tons  roasted  ore  per  day.  A  stall  8X6.5X6  ft 
holds  20  tons  ore,  requires  10  days  for  filling,  roasting  and  emptying,  i.«.,  it 
furnishes  2  tons  roasted  ore  per  day. 

A  plant  smelting  say  500  tons  of  ore  per  day  cannot  undertake  the  laborious 
work  of  charging  and  emptying  the  necessary  number  of  small  stalls.  It  has 
to  work  with  large  units,  going  as  far  as  the  use  of  a  steam-shovel  to  handle 
rouHtcd  ore  (Copper  Cliff,  Ont.)-  Stalls  in  this  coimtry  are,  therefore,  confined 
to  the  roasting  of  small  amounts  of  coarse  ore  (East  Helena,  Mont;  Butte, 
Mont.)  which  are  to  be  worked  in  with  other  smelting  material;  they  have 
proved  themselves  to  be  unsuited  for  large-scale  work*  which  requires  large 

UllitH. 

181.  Shaft  Ftimaces. — In  shaft  fiurnaces.  Fig.  246,  ore  and  fuel  are  always 
I  hiir>{rd  in  horizontal  layers;  the  ore  has  to  be  coarse,  as  the  furnaces  are  worked 
wllh  natural  draft;  the  furnaces  are  automatic,  i.e.,  the  passage  of  the  ore  is 
I'lliM  trd  by  gravity.  The  charge  moves  slowly  downward  through  the  shaft 
III  the  Hunie  rate  as  roasted  ore  is  withdrawn  at  the  base.  Here  the  air  enters, 
liikrti  up  the  heat  of  the  roasted  ore,  rises  warmed  to  the  roasting  zone  higher 
M|),  (tiid  oxidizes  the  ore.  The  roast  gases  ascend  through  the  shaft,  gradually 
|il\  r  up  tlu'ir  heat  to  the  descending  charge,  and  thus  prepare  it  for  the  oxidiz- 
ing /iiiic  below. 

'J  he*  charge  is  replenished  at  intervals  at  the  top,  and  thus  the  shaft  is  kept 
lillrd.  'J'he  fuel  commonly  used,  5  to  10  per  cent  of  the  weight  of  the  charge, 
l:^  Ihr  /int's  of  the  blast-furnace  fuel;  sometimes  special  fuel,  such  as  non-coking 

'  I'l.iiiiiLT,  " Ki^stprocesse,"  pp.  52,  326. 

-  VVi  lull,  Srhool  Min.  Quart,,  1885-86,  vii,  306. 

*  1  f/lirtiDii,  op.  cit.y  p.  374. 

♦  M<  lifii  li,  7>.  A.  I.  M.  £.,  1895,  XXV,  224. 

>•  i  iftwi«  k,  (ill.,  Bull.  23,  State  Min.  Cal.,  1902,  pp.  2  and  7. 
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bituminous  coal,  has  to  be  provided.  The  form  and  height  of  a  shaft  vary 
somewhat  with  the  character  of  the  ore  to  be  treated.  Usually  a  shaft  is  circular 
in  horizontal  section,  as  this  causes  an  even  descent  of  charge,  an  even  distri- 
bution of  heat  inside  and  a  minimum  loss  of  heat  by  radiation.  The  vertical 
section  may  show  a  taper  toward  the  throat,  if  the  ore  is  to  move  quickly;  one  1 
toward  the  discharge,  if  slowly;  frequently  the  furnace  has  parallel  or  slightly 
tapering  walls  which  narrow  suddenly  toward  the  bottom,  i.e.,  have  a  bosh.  ., 
Here  the  ore  will  lie  compactly  and  move  slowly,  thus  being  exposed  for  a  long 
time  to  oxidizing  influences. 

The  ore-column  in  some  furnaces  simply  rests  on  the  floor,  in  others  on  a 
roof-  or  cone-shaped  center  or  on  a  grate  to  facilitate  discharging.  The  height 
of  the  shaft,  8  to  30  ft.,  varies  with  the  size  and  fusibility  of  the  ore.  Up  to  a 
certain  limit  furnaces  of  large  capacity  are  cheaper  in  every  respect  than  small 
ones;  they  must,  however,  not  be  so  large  that  the  outside  air  cannot  pene- 
trate to  the  center.  This  may  be  corrected  in  part  by  a  central  flue,  but  com- 
plications in  construction  have  to  be  avoided,  since  the  process  must  be  cheap. 

Examples  are  furnished  in  the  calcining  of  oxide  zinc  ore,  roasting  oxide 
iron  ore  and  sulphide  quicksilver  ore.  Fpom  these  it  is  seen  that  shaft  furnaces 
are  used  for  calcining  and  for  roasting  ores  that  nm  very  low  in  S ;  they  have, 
therefore,  a  field  of  their  own  which  could  hardly  be  covered  by  heaps  and 
stalls;  they  compete,  however,  with  coarse-ore  reverbcratory  furnaces  having  a 
vertical  hearth  (see  §182), 

183.  Reverberatoiy  Furnaces. — Excluding  the  coarse-ore  automatic  fur- 
naces which  have  a  shaft-like  hearth  and  are  discussed  toward  the  close  of  this 


Figs.  264  nnd  265. — Onc-hcnnh  hand  reverbcratory  roasting  furnace, 

Bcction,  reverberalory  furnaces  (Figs.  264  and  265)  treat  finely  divided  ore, 
with  an  upper  limit  in  size  of  perhaps  4-mesh,  whatever  may  bells  mineralogical 
character;  calcination  and  all  kinds  of  roasts  are  carried  on  in  it.  This 
type  of  furnace  is  in  more  general  use  than  any  other.     It  shares  with  heaps. 
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stalls  and  shaft  furnaces  the  disadvantage  that  the  gases  run  very  low  in 
S,  about  0.5  per  cent.  SO2,  and  are  contaminated  with  the  products  of  com- 
bustion of  carbonaceous  fuel,  both  of  which  reasons  prevent  their  being 
utilized  for  the  manufacture  of  liquid  sulphurous  or  sulphuric  adds,  and 
may  necessitate  their  being  rendered  harmless  (§339).  Further,  the  ofe 
being  finely  divided,  there  is  always  formed  more  or  less  flue  dust  which  has 
to  be  recovered  by  some  method  of  condensation.  The  air  necessary  for 
roasting  commonly  enters  the  hearth  at  three  places:  (i)  Over  the  fire-bridgp 
as  excess  air  in  the  products  of  combustion;  it  is  hot,  but  insufficient  in  quantity. 
While  superheated  air  is  more  effective  than  cold  air,  it  is  not  advantageous  to 
admit  all  the  air  that  is  necessary  through  the  grate-bars,  as  the  temperature 
would  be  too  high  for  an  effective  roast  and  the  preheating  too  costly.  (2) 
Through  ports  in  the  fire-bridge,  whereby  it  is  slightly  warmed,  but  the  volume 
is  obviously  too  small.  (3)  Through  the  working  doors;^  the  air  is  cold,  but  is 
supplied  to  the  hearth  just  where  it  is  wanted,  and  if  preheated  would  cause 
a  considerable  saving  in  fuel  and  an  accelerated  roast.*  Different  attempts 
have  been  made  to  accomplish  this,  (the  latest  which  promises  success  is  the 
combined  recuperative  and  regenerative  system  of  Friedrich'),  but  in  practically 
all  cases  the  bulk  of  the  air  necessary  for  oxidation  enters  the  hearth  at  atmos- 
pheric temperature.  The  ratio  of  hearth  to  grate  area  varies  from  15  :  i,  in 
furnaces  requiring  little  extraneous  heat,  to  10 :  i,  in  furnaces  which  require 
much  firing  is  necessary  to  expel  the  last  of  the  S.  The  dimensions  of  the 
hearth  vary  with  the  manner  of  raking  the  ore.  Hand-raked  furnaces  are 
always  shorter  and  as  a  rule  wider  than  those  in  which  the  ore  is  rabbled 
mechanically.  The  thickness  to  which  the  ore  is  spread  on  the  hearth  is  about 
4  in. ;  it  may  reach  6  and  8  in.  with  sulphuides  that  are  easily  roasted  or 
require  only  an  imperfect  roast,  or  it  may  be  as  small  as  2  in.  with  ores  that 
give  up  their  S  with  difficulty  and  have  to  be  dead-roasted-  The  principles  of 
operating  are  to  bring  the  ore  quickly  to  the  ignition-point  in  intimate  con- 
tact with  air  preferably  preheated;  to  keep  the  temperature  approximatdy 
constant  for  a  given  period  of  time;  to  raise  it  subsequently  to  the  permissible 
maximum  and  hold  it  there  for  the  required  time.  While  heating,  the  ore  is 
stirred  at  longer  or  shorter  inter\'als  depending  upon  the  mineralpgical  character 
and  the  kind  of  roast  intended. 

The  time  ilonKnuUxl  for  roasting  varies  with  the  character  of  the  operation; 
usually  the  ore  remains  24  hr.  in  the  furnace;  this  time  may  be  reduced  to  6  hr. 
when  the  ore  is  to  bo  only  rough-roasted,  or  increased  to  48  hr.  with  a  difficult 
k\v\\k\  n>ast.  Thus,  the  nxisting  capacity  per  sq.  ft.  hearth  area  shows  a  range 
of  10  \o  70  ll>.  and  usually  lies  between  15  and  30.  The  fuel  consumption  is 
:k\s  to  o<.x>  lb.  t'oal  per  ton  of  ore. 

Ri^asiin^*  furnaces  have  been  observed  to  consume  more  fuel  in  summer 
than  in  winter,  and  to  oliminato  the  S  less  satisfactorily.    The  reason  for  this  fa 

»  In  \\\c  K\\i'\-\\:\\\i\\\  furuACo  A  Lirgc  |>arl  of  the  air  enters  through  a  porous  hearth. 
'  UiMnmrl.  WfMi«M«j;i^.  ioi.\  l\.  <2Sl. 
'  XtthlUnt^tr,  ivh^^S  111,  740* 
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to  be  found,  in  part  at  least,  in  the  weaker  draft  and  the  smaller  efficiency  of 
hand-labor. 

183.  Hand-raked  Reverberatoij  Furnaces. 
REVERBERATURV  FuRNACE. — According  to  the  ; 
ner  of  operating,  such  furnaces  may  be  classed 
The  intermittent  furnace  has  a  small  hearth,  say  6X8  ft.  and  not  over  ioXioft.| 
with  a  working  door  on  one  side;  it  is  charged  with  a  given  amount  of  cold  ore' 
which  is  roasted  and  then  withdrawn.  For  this  reason  it  is  very  wasteful  in 
heat  and  labor,  and  is  used  only  when  a  small  batch  of  exceptional  material,  e.g., 
precipitated  AgjS,  is  to  be  treated  or  when  the  quality  of  work  outweighs  any 
other  consideration. 

The  continuous  single-hearth  furnace  (Figs.  364  and  365)  has  a  hearth 
to  80,  usually  60  ft.  long.  The  length  is  determined  by  two  factors,  the  capacil 
of  the  we  to  develop  heat  while  it  is  being  oxidized  and  the  conservation  of  the 
heat  generated  by  both  the  fuel  and  the  ore.  With  pyritous  ore  the  fire  on  the 
grate  will  be  able  to  maintain  the  requisite  temperature  for  a  longer  distance  than 
with  ores  which  run  low  in  S;  hence  the  furnace  will  have  to  be  longer  with  ores  of 
the  former  class  than  of  the  latter,  if  the  heat  is  to  be  well  utilized.  The  widths, 
governed  by  the  ability  of  the  workman  to  handle  the  charge,  ranges  from  8  (t. 
with  furnaces  worked  from  one  side,  to  16  or  17  ft.,  with  furnaces  worked  from 
both  sides  (Figs.  264  and  165).  The  distance  between  hearth  and  roof  near  the 
fire-bridge  is  always  greater  than  near  the  flue-bridge  in  order  to  make  it  possible 
to  carry  the  heat  into  the  region  of  the  feed  opening  without  unduly  overheating 
the  ore  near  the  discharge-end.  The  change  in  height  is  obtained  by  giving  the 
hearth  a  slope  from  flue-bridge  to  fire-bridge,  or  preferably,  as  shown  in  Figs. 
164  and  365,  by  building  the  hearth  in  horizontal  planes  separated  from  one 
another  by  oilsets  about  3  in.  high.  Every  hearth,  about  r6  ft.  long,  will  be 
served  by  two  working  doors  on  each  side  with  centers  8  ft.  apart,  or  a  64-ft. 
furnace  will  have  8  doors  on  each  side.  The  hearth  is  built  of  red  brick  except- 
ing the  parts  near  the  discharge  which  with  the  fire-bridge  and  fire-box  is  built 
of  fire-brick.  The  fire-bridge  is  frequently  cooled  by  a  horizontal  air  canal 
from  which  flues  may  lead  on  to  the  hearth  and  supply  it  with  fresh  warmed  air. 
The  ore,  charged  at  the  flue  end,  is  raked  and  turned  over  every  15  to  30  min. 
and  gradually  moved  toward  the  bridge  end  to  be  discharged  as  a  pulverulent, 
8  sintered  or  a  fused  mass.  The  tools  required  are  rabbles,  paddles,  and-  slice- 
bars  to  break  up  accretions. 

The  Two-iiEARTH  Hand-reverberatory  FtJBNACE, — The  object  in  having 
superimposed  hearths  instead  of  a  single  hearth  is  to  economize  floor-space  and 
heat.  The  ore  fed  at  one  end  of  the  upper  hearth  travels  over  it  to  the  other, 
drops  through  a  slot  on  to  the  lower  hearth  and  is  then  moved  in  the  opposite 
direction  to  the  discharge  near  the  fire-bridge;  the  flame  issuing  from  the  fire- 
place at  one  end  of  the  lower  hearth  travels  in  a  direction  opposite  to  that  of  the 
ore  and  leaves  the  furnace  near  the  feed  end.  Furnaces  of  this  type  are  permis- 
sible only  with  ores  that  do  not  become  sticky  in  roasting  or  attack  the  hearth, 
aa  repairs  on  the  lower  hotter  hearth  are  expensive,  because  the  upper  part  has 
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to  be  removed  to  get  at  the  lower.  Double-hearth  furnaces  are  used  in  the  oxidi^ 
ing  roast  of  blende  and  the  chloridizing  roast  of  silver  and  copper  ores.  Besides 
economizing  floor-space,  these  furnaces  have  the  advantage  that  the  combined 
length  of  the  two  hearths  can  often  conveniently  be  made  greater  than  if  the 
total  length  is  confined  to  a  single  hearth.  It  is  doubtful  whether  the  better 
conservation  of  heat  is  not  more  than  balanced  by  the  great  inconvenience  m 
rabbling  and  moving  the  ore.  With  the  lower  hearth  at  the  usual  height  of 
30  to  36  in.  above  the  main  floor,  the  workman  has  to  stand  on  a  movable 
platform  to  get  at  the  upper  hearth;  this  is  conducive  to  bad  work  and  makes 
inspection  difficult  Nevertheless  in  Missouri  and  Kansas  four-hearth 
reverberatory  furnaces  are  in  common  use  for  roasting  pure  blende.  Multiple- 
hearth  f iDnaces  make  more  flue  dust  than  the  single-hearth,  as  the  ore  drq>ping 
from  an  upper  on  to  a  lower  hearth  makes  dust. 

184.  Mechanically-raked  Reverberatoiy  Furnaces.^ — For  rough-roasting 
mechanically-raked  reverberatory  furnaces  have  several  advantages  over  long- 
hearth  hand-reverberatory  furnaces  although  the  latter  give  most  satisfactory 
results  as  to  elimination  of  S,  As,  etc.,  and  though  the  consimiption  of  fuel  is 
low,  they  have  these  disadvantages  that  the  labor  cost  is  high,  that  the  admis- 
sion of  air  is  likely  to  be  excessive,  and  that  the  result  obtained  depends  largdy 
upon  the  skill  and  attention  of  the  operator.    Mechanically-raked  furnaces  do 
away  with  these  drawbacks.     In  these  the  stirring  is  more  frequent  and  regular, 
and  since  the  ore  can  pass  through  the  fionace  at  a  greater  ^eed,  the  roast- 
ing capacity  is  increased.     With  this  increase  there  is  a  corresponding  decrease 
in  the  amount  of  fuel  burned  per  ton  of  ore,  as  the  fuel  consumed  does  not  grow 
proportionally  with  the  amount  of  ore  put  through.     Further,  the  possibility  of 
having  several  fireplaces  on  the  side.  Fig.  266,  instead  of  a  single  one  at  the  end, 
in  as  the  hand-reverberatory  furnace,  permits  making  the  hearth  as  long  as  is  d^ 
sired  and  heating  as  conditions  may  require.    On  the  other  hand  mechanically- 
raked  furnaces  have  certain  disadvantages  (i)  there  is  considerable  cost  of  in- 
stallation, of  maintenance,  of  power,  of  repair  of  moving  parts  which  are  exposed 
to  elevated  temperatures  and  acid  fumes,  and  the  necessity  of  extensive  dust 
chambers;  moreover  (2)  they  are  unsuited  for  ores  that  become  sticky,  as  this  by 
interfering  with  the  mechanism  and  causing  the  ore  to  ball  together  stops  the 
roast;  lastly  (3)  they  are  suited  only  for  rough-roasting,  being  too  costly  for  a 
finishing-roast.     For  a  dead-roast  it  is  necessary  (i)  that  during  the  first  stage 
the  ore  be  moved  slowly  and  evenly  over  the  hearth  and  rabbled  at  certain 
intervals  of  time  when  the  sulphide  on  the  surface  has  become  oxidized,  and 
(2)  that  during  the  second  stage  it  remain  nearly  stationary  in  the  hottest  part 
of  the  furnace  and  be  rabbled  almost  continuously  to  bring  sulphate  to  the 
surface  that  it  may  be  decomposed.     In  a  mechanical  furnace  the  moving  parts 
have  to  travel  at  a  uniform  speed;  if  this  is  adapted  to  the  first  stage  of  the 
roast,  it  is  not  suited  to  the  second  and  vice  versa.     Mechanical  furnaces  will 
be  used  mainly  with  large  tonnages  of  sulphide  ore  which  need  not  be  dead- 

*  Hofman,  "Metallurgy  of  Copper,"    Detail,  p.  116. 


Fig.  i6b. — Plan  Wcthey  mechanical  straight-line  tevetberatory  roosting  furnace. 

end  is  moved  over  the  hearth  in  three  ways.  The  common  one  is  by  means  ol  j 
blades,  a  b,  Fig.  266,  set  at  an  oblique  angle  to  a  rabble  arm  which,  in  nearly 
alt  cases,  reaches  across  the  hearth,  is  supported 
at  the  ends  or  the  center,  and  connected  with  the 
motive  power.  The  blades  a,  Fig  367,  of  one-half 
of  an  arm  A  are  set  in  the  opposite  direction  to 
that  of  the  other,  b,  in  order  that  the  lateral  pres- 
sure of  the  ore  on  the  blades  of  one  side  may  be 
balanced  by  that  on  the  other.  The  rabble-arms 
are  always  in  pairs,  and  the  blades  of  one  arm 
are  set  in  a  direction  opposite  to  that  of  the  other, 
a  and  b  vs.  c  and  d,  as  when,  e.g.,  the  blades  on  the 
arm  A ,  in  making  their  furrows,  push  the  ore  out- 
wardly, those  of  arm  B  will  push  it  inward,  and 
the  combined  effect  will  be  to  move  it  onward 
parallel  with  the  sides  of  the  furnace.  The  blades 
may  be  replaced  by  plows,  the  plows  of  one  arm 
being  so  set  as  to  cover  the  furrows  made  by  the 
Other.  The  second  method,  used  in  the  Edwards,' 
Fig.  a68,  and  Merton'  furnaces,  is  to  have  radial 
arms  with  blades,  driven  by  vertical  shafts,  which 
move  the  ore  in  zig-zag  from  feed  to  dischai^e. 
In  the  third  method,  represented  by  the  Wedge  ' 


'la.  167, — Pair  of  rabblc- 
with  blades  for  slraight-line 
lirnace,'  the  ore  ted  at' the  center  of  a  circtillr  ""I"""  """"H  '""""■ 


'  Simpson,  Tr  /ml,  Min.  Mtl..  1903-04,  xni,  a;;  finj.  Afin.  J.,  1903,  ucxvi,  S94. 

•  Power,  £ng   Min.  J.,  1903,  utxvi.  775. 

Simpson,  Tr.  Iml.  Min.  Met.,  iqoj-o^.xui,  30;  U.  S.  Patent  No,  to: }o6i,  April  9,  i 

*  Hofman,  "Metotlurgy  of  Copper." 
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Fig.    268. — Discharge-end   of    Edwards 
mechanical  roasting  furnace. 


hearth  is  moved  toward  the  periphery  by  a  pair  of  radial  rabble-arms  witk 
blades  placed  at  an  oblique  angle,  but  parallel  to  one  another. 

In  passing  over  a  hearth,  the  blades  or  plows  may  not  reach  down  to  tk 
brick  bottom,  as  this  is  likely  to  be  uneven  at  the  start  and,  if  not,  will  suidj 
become  so  after  a  time.  It  is  customary  therefore  to  have  a  false  bottom,  2  or 
3  in.  deep,  of  some  loose  inert  material  which  does  not  readily  combine  with  tk 
roasting  charge.  This  also  enables  the  operator  to  break  up  with  plows  or  some 
other  means  any  crust  that  may  form  through  overheating  the  ore.  In  some 
cases  roasted  ore  forms  this  false  bottom,  in  others  roasted  pyrite,  crushed 
limestone,  coal  ashes,  etc. 

The  hearth  of  a  mechanically-raked 
furnace  may  be  straight-line,  annular  or 
circular,  and  there  may  be  only  a  wd^ 
hearth  or  two  or  more  superimposed 
hearths.  The  straight-line  single-hearth 
furnace,  which  has  the  rectangular  fonn 
of  the  long-hearth  hand-reverberatory  fur 
nace,  is  the  one  most  common;  it  is  repiv- 
sented  mainly  by  the  furnaces  of  Ropp,' 
Cappeau,*  Brown,*  Wethey,*  Edwards. 
The  double-hearth  furnaces  originated 
about  1862  with  the  furnace  of  O'Hara' 
improved  by  Brown  and  by  Allen;*  these 
were  followed  by  the  constructions  of  Wethey,*  Keller*  and  Merton.  Only  one 
annular  furnace  (the  Brown  Elliptical*),  has  come  into  prominence.  Of  the 
circular  single-hearth  furnaces,  the  Pearce  Turret,*  and  the  Brown  Horseshoe,* 
are  used  quite  extensively;  the  Wedge  furnace^  serves  a  special  purpose;  of  the 
double-hearth  furnaces  the  Parkes*  and  Ross- Welter^  are  of  general  interest, 
while  the  Pearce  is  not  uncommon.  Pearce  erected  at  Butte  City*  a  six-hearth 
furnace. 

Furnaces  Having  Moving  Hearths. — With  these  the  rakes  must  be 
stationary.  The  hearth  is  nearly  always  circular,  but  two  exceptions  may  be 
mentioned:  the  furnace  of  Argall,®  which  has  a  rectangular  hearth  with  a 
reciprocating  movement,  and  the  Ems  furnace^®  which  consists  of  a  train  of  closely 
fitting  cars  moving  in  a  tunnel,  the  space  beneath  and  above  the  cars  being 
separated  by  a  curved  iron  attached  to  the  cars  and  moving  in  a  trough  filled 

» Hofman,  "Lead." 
Ungalls,  "Zinc." 
'Hofman,  "Lead." 
Mngalls,  "Zinc." 

•  Hofman,  "Copper." 

•  Plattner,  "  Rostprocessc,"  p.  22. 
^  Ann.  Afin.y  1885,  vii,  512. 

«  Tr.  A.  I.  M.  E.y  1904,  xxrv',  260,  274,  282. 

•  U.  S.  Patent  No.  653202,  July  10,  1900. 
"  i//«.  Ind,j  1902,  XI,  439. 
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^th  sand.  The  oldest  furnace,  antedating  1857,  is  that  of  Brunton;'  it  was 
followed  about  1870  by  that  of  Gibb  and  Gelstarp,*  in  1892  by  that  of  Blake,* 
and  about  1899  by  that  of  Godfrey  or  Heberlein-Hommel,*  All  these  furnaces 
are  wasteful  of  fuel  because  the  flame  from  the  fireplace  has  only  a  compara- 
tively short  distance  to  travel  before  it  enters  the  fiue  leading  to  the  chimney, 
Knd  because  they  draw  in  a  large  amount  of  false  air  on  account  of  the  imperfect 
joint  of  the  moving  hearth  with  the  stationary  roof  and  sides.  They,  however, 
accomplish  something  that  other  furnaces  do  not,  in  that  the  ore,  fed  at  the 
center  of  the  hearth,  in  its  spiral  passage  toward  the  discharge  at  the  periphery 
can  be  heated  pretty  uniformly.  The  type  is  therefore  especially  adapted  to 
the  requirement  of  heating  an  ore  to  a  uniform  temperature  for  a  considerable 
period,  and  of  moving  and  raking  it  mechanically  at  the  same  time. 

FuHNACES  WITH  KEVOLViNG  CYLINDERS  are  iron  cylinders,  horizontal  or 
inclined,  lined  wholly  or  in  part  with  brick.  Furnaces  with  a  horizontal  axis,  of 
which  that  of  Bruckner'  (1864)  is  the  leading  type,  work  intermittently; 
furnaces  with  an  inclined  axis,  such  as  the  White  {1870),  Howell-White"  (1872), 
Hocking-Oxland  (1875)  and  the  Argall  (1897),  have  a  continuous  feed  and  dis- 
charge. The  advantages  claimed  for  the  type  are  that  the  cost  of  repairs  is 
■mall  and  that  the  ore  is  stirred  continuously.  One  of  the  leading  disadvan- 
tages is  that  they  make  a  great  deal  of  flue  dust,  especially  when  the  raising  and 
showering  of  the  ore  through  the  flame  is  assisted  by  longitudinal  ribs;  this 
dust  requires  an  extended  system  of  dust  chambers  and  a  re-treatment  of  the 
dust.     Another  disadvantage  is  the  loss  of  heat  by  radiation. 

Their  use  is  limited  as  the  layer  of  ore  along  the  axis  of  the  furnace  is  rather 
deep!  this  is  better  suited  for  a  chloridizing  than  an  oxidizing  roast.  However, 
the  Briickner  furnace  was  for  a  time  the  leading  mechanical  furnace  in  Montana 
for  treating  sulphide  copper  ores,  and  had  replaced  most  other  mechanical 
roasters  for  the  treatment  of  mixed  lead  ores  in  lead  smelteries  until  it  had  to 
give  way  to  blast-roasting.  The  capacity  of  the  intermittent  cylindrical  fur- 
nace depends  mainly  upon  its  length,  diameter  and  speed  of  rotation ;  that  of  the 
continuous  furnace  upon  the  inclination  of  the  axis  and  speed  of  rotation.  The 
short  intermittent  furnace  is  more  wasteful  of  fuel  than  the  longer  continuous 
form. 

1S5.  Automatic  Furnaces.— As  was  stated  in  S181,  a  furnace 'may  be  called 
.automatic  when  the  passage  of  the  ore  through  the  roasting  chamber  is  effected 

gravity.  According  to  the  size  of  the  ore  that  ia  to  be  roasted,  they  are 
as  coarse-ore  and  fine- ore  furnaces. 

The  coarse-ore  Jurnaces  are  similar  to  the  shaft  furnaces  discussed  in  if  181, 
:epUng  that  they  are  heated  from  external  fireplaces  at  or  near  the  base 


•fl«r(.  HUttenm.  Z.,  1859,  xvni,  355, 
•Berj.  HUUtnm.  Z.,  i87],xxxi,  J09. 

•  Tf.  A..  I.  M.  E.,  189),  93,  wti,  jH3. 

*  UAiUiirtie,  1905,  il,  448. 
Tr.  A.  1.  M.  £.,1873,  H,  19s. 
■Ingalb,  "Zinc." 
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where  the  jQame  ascends  in  the  furaace  filled  with  ore  as  in  the  continuMi 
coarse-ore  quicksilver  roasting  furnace  of  New  Almaden,  Cal.*    The  advantage 
over  the  shaft  furnace,  in  which  ore  and  fuel  are  mixed,  is  that  the  fuel  asha 
do  not  come  in  contact  with  the  ore,  but  the  operation  is  expensive  as  it  requici 
a  long-flame  fuel,  extra  labor,  and  the  heat  is  likely  to  be  excessive.    For  this 
reason  gaseous  fuel  (producer  gas,  timnel-head  gas  from  the  iron  blast-furnace)  ii 
sometimes  used  as  it  is  more  easily  controlled.    The  gas  is  introduced  at  or  neti 
the  base  of  the  furnace  through  special  openings  or  nozzles;  the  air  necessary  for 
combustion  is  admitted  either  through  the  ports  for  the  withdrawal  of  the  ore, 
or  higher  up  through  stoking  holes  or  between  the  two  through  special  air  flues. 
The  furnaces  are  used  for  the  same  purposes  as  the  shaft  furnaces,  i.e.,  caldning 
oxide  zinc  ores,  roasting  oxide  iron  ores  or  roasting  sulphide  quicksilver  ores. 

The  shaft-like  hearth  of  the  fine-ore  furnaces  is  either  vertical  or  inclined 
In  a  vertical  shaft  the  ore  drops  through  an  empty  vertical  shaft  heated  froma 
fireplace  near  the  top  (Whelpely-Storer,  1866,  Wilfley,  1908*)  or  near  the  bot- 
tom (Stetefeldt,  about  1869);  or  it  glides  over  shelves  placed  in  the  shaft  to 
hold  it  in  its  downward  passage  (Hiittner-Scott,  about  1876;  Cermak-Siurek, 
1891);  in  an  inclined  it  glides  over  the  floor  (Livermore,  1879).  The  furnaces 
are  used  with  ores  running  low  in  S.  Thus,  leaving  out  the  Whdpdy-Storcr 
furnace  which  has  only  an  historical  interest,  the  Stetefeldt  furnace  has 
become  a  standard  for  the  chloridizing  roasting  of  silver  ores,  and  the  othos 
are  characteristic  for  the  oxidizing  roasting  of  quicksilver  ores.  All  these 
furnaces  make  a  great  deal  of  flue  dust,  the  fine  particles  of  ore  being  carried  off 
by  the  large  volume  of  products  of  combustion  traveling  in  an  opposite  direction. 

186.  Muflle  Furnaces. — Muffle  furnaces  are  fine-ore  furnaces  in  which  only 
ores  that  do  not  become  sticky  in  roasting  may  be  treated.     They  are  suitable 
for  oxidizing  roasts  of  sulphide  ore  when  the  S  does  not  generate  enough  heat  to 
decompose  the  sulphate  formed,  and  when  it  is  essential  that  the  roast  gases 
be  not  contaminated  with  the  products  of  combustion  of  carbonaceous  fuel 
The  air  necessar>'  for  the  oxidation  of  the  ore  being  admitted  independently 
from  that  of  the  fireplace,  the  furnace  allows  a  careful  regulation  of  the  amount 
of  air  admitted  and  thereby  of  the  volume  and  concentration  of  the  roast  gases. 
As  these  are  free  from  harmful  carbon  compounds,  the  gases  from  roasting  sul- 
]>hiile  ores  can  be  utilized  for  the  manufacture  of  liquid  HsSOs  and  H2SO4  as 
long  as  they  contain  not  less  than  4  per  cent,  by  vol.  SOj;  the  gases  from  arsen- 
ical minerals  will  furnish  pure  AsjOj:  the  gases  from  chloridizing  roasts  are  easily 
condensed  as  their  volume  is  small  in  a^nijxirison  ^nth  those  from  reverberatory 
furnaces.     The  progress  of  a  roast  in  a  mutlle  is  slow  though  very  uniform, 
because  the  heal  from  the  fireplace  has  to  penetrate  the  brick  bottom  on  which 
the  ore  rests.     The  fire  in  all  cases  will  have  to  be  hot,  as  it  must  balance  the 
cvx>ling  ctTivi  of  the  air  passing  over  the  ore.  unless  the  air  is  sufl&ciently  pre- 
hoatoiK  which  is  rarely  the  case. 

The  general  remarks  alvui  the  dilTerent  t>i>es  of  rcN'erberatory  furnaces 

»  Tr.  .1.  /.   \(   y.,  iSS4->:.\:;!.  01. 
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({182)  hold  good  for  muffle  furnaces,  as  most  reverberatory  fiu-naces  can  be 
considered  as  muffle  furnaces  if  the  working  hearth  of  the  former  be  changed 
into  a  muffle.    The  same  holds  true  with  the  fine-ore  kilns  discussed  in  §181. 

The  hand-raked  single-muffle  furnace  is  used  mainly  in  the  chloridizing 
roast  of  cupriferous  burnt  pyrite.  Superimposed  muffles  raked  by  hand  are 
common  in  Belgium  and  Germany  for  the  roasting  of  blende;  typical  examples 
are  the  furnaces  of  Liebig-Eichhom,  Grillo,  Rhenania  and  Guido  Works.  While 
mechanically-raked  muffles  for  roasting  blende  are  little  used  in  Europe,  in  the 
United  States  the  tendency  is  to  do  away  with  hand  rabbling.  The  Brown 
muffle  furnace  is  an  early  example  of  a  single-muffle  furnace  rabbled  mechan- 
ically, and  the  Pearce  of  the  two-muffle  furnaces. 

The  earliest  example  of  the  multiple  muffle  is  probably  the  rectangular 
furnace  of  Mathiesen  and  Hegeler  of  1881;  it  is  closely  followed  (1884)  by  the 
circular  furnace  of  Haas  and  the  more  recent  modifications  of  Sjostedt,  Meyer 
and  others.  The  Falding  furnace  represents  the  Edwards  and  Merton  methods 
of  rabbling  the  ore.  Furnaces  with  a  moving  muffle  have  not  been  constructed, 
and  the  only  example  of  a  muffle  resembling  the  type  of  a  revolving  cylinder 
is  the  Douglas  furnace,  but  this  has  been  abandoned.^  It  would  appear  that  a 
muffle  through  which  the  ore  passes  automatically  would  be  difficult  to  manage. 
The  Hasendever  furnace  of  1872,  now  abandoned,  was  for  years  the  leading 
example;  it  combined  in  a  unit  an  inclined  automatic  muffle  ending  in  a  horizon- 
tal hand-raked  muffle  for  removing  the  bulk  of  the  S,  with  a  hand-raked  rever- 
beratory furnace  to  effect  a  dead-roast. 

187.  Kilns.' — ^The  term  kiln  is  here  restricted  to  the  definition  given  in 
{167.  The  heat  set  free  in  the  roast  is  sufficient  to  keep  the  process  going  and 
to  decompose  the  sulphates  formed  without  requiring  any  extraneous  fuel, 
presupposing  that  the  furnace  has  been  heated  at  the  start  to  the  kindling  tem- 
perature of  the  ore.  The  process,  of  course,  must  be  continuous,  and  losses  of 
heat  by  radiation  have  to  be  reduced  to  a  minimum.  Elilns  are  suited  only  for 
ores  rich  in  S  (28-!-  per  cent.),  and  pyritic  ore  forms  the  usual  raw  material.  It 
was  held  that  pyrrhotite  could  not  be  roasted  in  a  kiln  imtil  Sjostedt'  proved  the 
contrary.  The  fact,  however,  remains  that  pyritic  ore  is  the  most  suitable 
material  and  that  pyrite  can  carry  about  35  per  cent.  CuFeS2, 18  to  20  per  cent. 
PbS  or  1.4  times  its  weight  of  ZnS  and  still  work  satisfactorily.  Besides  ore, 
matte  is  sometimes  roasted  in  kilns,  but  imperfectly,  giving  up  about  50  per 
cent,  of  its  S. 

According  to  the  size  of  the  ore  that  is  to  be  treated,  kilns  are  classed 
as  coarse-are  smd  fine-are  furnaces.  Coarse-ore  furnaces  are  always  automatic; 
fine-ore  furnaces  may  be  automatic,  but  usually  they  are  rabbled  either  by 
hand  or  mechanically. 

The  coarse-ore  furnaces.  Fig.  250,  are  low  rectangular  shafts;  they  are  suited 

^  Jllustrations  of  these  furnaces  are  given  by  W.  R.  Ingalls  in  "Metallurgy  of  Zinc  and 
Cadmium,"  New  York,  1903. 

'Lunge,  G.,  "Sulphuric  Add  and  Alkali/'  Gurney,  London,  1913, 
'/.  Canad.  Min.  Inst.,  1904,  vij,  489. 
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to  ores  that  do  not  carry  over  8  to  lo  per  cent,  fines,  that  do  not  deaepitatc 
upon  heating,  and  for  matte.  The  walls  of  the  shaft  are  usually  vertical;  with 
very  pure  pyrite  they  taper  slightly  toward  the  discharge.  The  cross-sectioml 
area  of  a  furnace  is  small;  the  height  varies  with  the  percentage  of  S-  Sevoil 
furnaces  are  united  to  a  block  as  are  the  shelf-burners  discussed  below.  The  vn 
is  fed  and  discharged  by  band;  it  rests  on  a  saddle-sbaped  bottom  or  on  g^tt^ 
bars.  This  type  of  furnace  is  used  almost  exclusively  for  the  productioD  of 
SOs  to  be  converted  into  HjSO*. 

The  leading  fine-ore  furnace  raked  by  hand  is  the  "shelf-burner"  of  Maletra, 
Fig.  269,  built  in  1867.  A  shaft  5  contains  a  number  of  staggered  shelves  t; 
a  feed-opening,  0  working  door,  k  discharge-port,  w  receiving  vault  and  t  dis- 
charge door  for  roasted  ore;  vi  gas  flue  leading  into  main  flue  y.  Several  of 
these  furnaces  (about  i6in  two  rows  of  8)  are  united  to  a  block  to  cheapen  the 


Fig.  i6g, — Maletra  sheir-buroer. 


Fic.  270.— Evans- Klepetko-McDougoU 
type  of  roasting  kiln. 


construction,  to  reduce  the  loss  of  heat  by  radiation  and  to  furnish  a  gas  of  uni- 
form temperature  and  composition.  While  the  furnace  effects  a  dead-roast 
with  suitable  pyrite,  it  has  some  disadvantages;  the  cost  of  hand-rabbling  is 
high  and  air  enters  the  furnace  while  the  ore  is  being  raked  from  shelf  to 
shelf,  and  reduces  the  temperature  as  well  as  the  S-content  of  the  gas.  These 
drawbacks  are  removed  by  mechanical  raking  first  introduced  by  Spence  in 
1878;  his  furnace  feeds,  moves  and  discharges  the  ore  by  means  of  machinery. 
The  slow  reciprocating  movement  of  the  rabbles  over  the  rectangular  shelves 
of  the  Spence  furnace  was  replaced  by  McDougall  about  1876  by  a  cir- 
cular hearth  and  radial  arms  attached  to  a  central  shaft.  While  a  failure  at 
the  start,  the  furnace  has  been  so  much  improved  that  it  forms  the  prototype 
of  the  most  successful  fine-ore  burners  in  this  country,  those  of  HeireshoS, 
Evans-Klepctko  (Fig.  270),  O'Brien,  Wedge  and  others. 
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Fig-  370  represents  a  6-hearth  furnace  with  fire-box  under  the  lowest  to 
assist  in  the  decomposition  of  sulphates.  The  ore,  fed  mechanically  into  the 
furnace,  is  delivered  continuously  on  the  outer  edge  of  the  first  hearth,  where  the 
teeth  of  the  two  stirring  arms  turn  it  over  and  work  it  toward  the  center;  here 
it  drops  through  an  annular  openmg  onto  the  second;  the  arms  of  this  turn  the 
ore  and  convey  it  slowly  to  openings  near  the  periphery,  through  which  it  drops 
onto  the  third  hearth  and  so  on  until  it  arrives  at  the  bottom  where  it  falls 
through  a  drop-hole  into  a  hopper  not  shown. 

AU  these  furnaces  still  suffer  from  the  disadvantage  of  making  much  flue 
dust,  as  the  ports  through  which  the  ore  drops  from  shelf  to  shelf  form  the  pas- 
sages for  the  ascending  gas  current.  Attempts  have  been  made  to  separate 
the  two,  but  not  with  much  success.  The  furnaces  are  usually  built  isolated. 
SjSsledt'  has  united  four  circular  furnaces  into  a  rectangular  block  and  has 
succeeded  in  this  way  in  making  pyrrhotite  available  as  an  ore  for  the  manu- 
facture of  HjSOt. 

The  fine-ore  automatic  kilns  represented  by  the  constructions  of  Gcrsten- 
hofer'  (i86j)  and  Hasenclever-Helbig  {1870),  have  fallen  into  disuse,  the  former 
because  the  roast  is  imperfect  and  the  amount  of  flue  dust  formed  excessive; 
the  latter  because  it  makes  the  roasting  of  fine  ore  dependent  upon  the  work- 
ing of  the  coarse-ore  division.  The  furnaces,  however,  contain  constructive 
features  which  are  of  permanent  interest  and  have  been  adapted  to  other  purposes. 

188.  Blast-roasting  Apparatus.^ — The  apparatus   for  carrying  out  blast- 
roasting     opeiations    are    quite    numerous. 
They  may  be  divided  into  twoclasses:  up-dra/l 
and  dmim-drafl.    In  each  class  some  work 
intermittently,  others  continuously. 

The  Huntington-Heberlein  blast -roasting 
pot,  Fig.  271,  is  typical  for  intermittent  up- 
draft  apparatus:  A,  cast-iron  kettle;  C,  de- 
tached hood;  d,  ofT-take;  e,  dust  flue;/,  per- 
forated cast-iron  plate  serving  as  grate;  g, 
baffle-plate  for  distribution  of  blast  arriving 
through  inlet  pipe  below.  A  trough- shaped 
apparatus  has  been  put  into  operation  by 
Haas.*  Continuous  up-draft  converters 
have  been  constructed  by  Bellinger  and 
Vivian,'  but  details  are  lacking. 

Intermittent  down-draft  pots  have  been  constructed  by  Greenawalt* 
D wight-Lloyd;'  they  are,  however,  of  subordinate  importance. 
'  /.  Canad.  Min.  Insl.,  1904,  vii,  48g. 

*  Lunge,  M.,  of.  cit. 
*Uo(inan.  Tr.  A.  1.  il.  £,,  1910,  xu,  74a 

*  EHt.  Uin  J.,  1910,  xc,  S14. 
■Ofi  eil.,  1911,  XCT,  49. 

*  UeL  Cktm.  Ent.  iQti.x,  153, 107. 

*  J/fti.  Sc  Prtts,  1909,  Lxxxv,  649. 


— Hun  ling- Ilcberlein  blut- 
roasting  pot. 
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Continuous  doWn-draft  apparatus  were  first  brought  out  by  Diright- 
Lloyd.  There  are  three  types  of  "sintering  machines"  the  drum-,  the  hori- 
zontal-table, and  the  straight-line  machines;  the  last  is  shown  in  Fig. 
373.  On  account  of  its  importance  detailed  description  is  in  order.  It 
consists  of  a  frame  of  structural  steel  supporting  a  feeding-hopper,  an  igniting 
furnace,  a  suction-box,  and  a  pair  of  endless-track  circuits  to  accommodate  t 
train  of  small  truck-like  elements  called  pallets  which,  in  combination,  lonu 
practically  an  endless  conveyor,  with  the  continuity  broken  at  one  place  in  the 
circuit.  Each  pallet  is  provided  with  four  wheels,  which  engage  with  the  tracks 
or  guides  at  all  parts  of  the  circuit,  except  when'the  pallet  is  pasong  over  the 
suction-box,  and  then  the  pallet  slides  on  its  planed  bottom  over  the  planed  tq) 
of  the  suction-box,  thus  making  an  air-tight  joint.  A  pair  of  cast-steel  sprocket- 
wheels,  turning  inside  of  concentric  guide-rails,  lift  the  train  of  pallets  from  the 
lower  to  the  upper  track  by  engaging  their  teeth  with  the  roller-wheels,  and 


Fig.  272. — Dwight-Lloyd  stra[ght-iine  roasting  machiDe. 

launch  each  pallet  in  a  horizontal  path  under  the  feed-hopper  and  igniting-fur- 
nace,  and  over  the  suction-box.  In  a  train  of  pallets  in  action,  all  the  joints  are 
kept  closed,  and  air-tight,  by  the  pallet  being  pushed  from  behind.  At  the  ban- 
ning and  the  ontl  of  the  track  formed  by  the  planed  top  of  the  suction-box,  there 
is  a  planed  "  dciid-plate  "  over  which  the  pallets  must  glide;  it  serves  to  prevent 
iiiiy  liiikage  of  air.  After  a  pallet  passes  over  the  suction-box  and  terminal 
iliiid-pliitc,  its  wheels  ciiKHK<->  the  ends  of  the  circular  discharge-guides.  These 
iire  ii<ljusti<l  with  the  viewofraising  the  pallet  about  0.5  in.  vertically  and  thus 
uut<ini;itir;illy  prying  up  the  cake  of  sinter  and  freeing  it  from  the  grate-slots. 
A  "liri'iikiiig  riillcr"  prevents  the  prj'iK  action  from  extending  too  far  back, 
uiid  tends  in  fnrin  ii  lliu'  of  fr;icture.  This  roller,  however,  is  not  essential  in  all 
fuses.     On  riai  liiiiK  \\\c  curve  of  the  guides,  the  pallets  one  by  one  drop  into 
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the  guides,  each  strikes  the  pallet  which  has  preceded  it  and,  at  the  same  time, 
discharges  its  load  of  sinter-cake,  and  shakes  free  the  slots  of  the  grates.  The 
force  of  the  blow  can  be  regulated  by  the  gap  left  in  the  train  of  pallets  at  this 
point.  The  weight  of  the  train  keeps  the  pallets  fed  down  to  the  lower  teeth  of 
the  sprocket-wheels. 

The  igniter  frequently  used  with  this  machine  is  a  small  coal-burning  fur- 
nace built  of  tiles,  having  a  grate-area  of  10  by  30  in.  and  burning  500  lb.  of 
coal  in  24  hr.  The  flame  after  passing  over  the  fire-bridge  is  deflected  downward 
upon  the  ore  by  a  brick  curtain  that  can  be  raised  and  lowered,  and  then  U 
drawn  upward  by  the  natural  draft  of  a  small  stack  or  bleeder. 

The  suction-box  on  top  is  12  ft.  6  in.  long  and  30  in.  wide,  and  gives  foi  the 
grates  an  efleclive  hearth-area  of  31.25  sq.  ft.;  this  is  the  true  measure  of  the 
capacity  of  the  machine.  The  pallets  are  each  30  in.  wide  by  18  in.  long  and 
,weigh  with  grates  550  lb. 

The  power  delivered  to  the  machine  has  its  speed-factor  reduced  by  passing 
through  a  train  of  gear-wheels,  the  last  of  which  engage  the  internal  geai-teeth 
cast  in  the  large  sprocket-wheels,  and  actuate  the  train  of  pallets. 

The  complete  cycle  of  operations  is  as  follows:  a  pallet,  being  pushed  onward 
tangentiaUy  from  the  top  of  the  sprocket-wheels,  passes  under  the  feed-hopper, 
where  it  takes  its  load  in  the  form  of  a  continuous  even  layer  of  charge,  say  4  in. 
thick,  passes  next  under  the  ignition-furnace,  where  the  top  surface  is  kindled, 
and  at  the  same  time  comes  within  the  influence  of  the  downward-moving  cur- 
rents of  air,  induced  by  the  suction-draft;  these  carry  the  sintering  action  pro- 
gressively downward  until  it  reaches  the  grates.  The  roast-sintering  operation 
is  complete,  the  cake  is  discharged  by  dropping  into  the  discharge- guides,  and 
the  pallet  crowds  its  way  back  to  the  sprocket-wheels,  is  slowly  raised  to  the 
upper  tracks,  and  begins  a  new  cycle. 

A  straight-line  machine  of  the  si2«  described  with  effective  area  of  31.25 
,4K].  ft,  weighs,  without  accessories,  approximately  16  tons. 

A  modification  of  the  Dwight-Lloyd  Table  Machine*  is  found  in  the  von 
Schippenbach  dawn-draft  roasting  furnace'  in  which  the  withdrawal  of  roaster 
gas  is  so  regulated  as  to  furnish  continuously  rich  gas  with  from  4  to  5  per  cent, 
vol.  SOi  for  the  manufacture  of  H]S04,  and  poor  gas  with  0.2  per  cent.  vol. 
S0»  to  go  to  waste. 

1S9.  Efficiency  of  Some  Ro&sting  Furnaces. — The  efficiency  of  a  roasting 
furnace  can  be  considered  from  various  points  of  view.  Dwight'  made  the 
number  of  pounds  of  ore  treated  per  day  on  a  square  foot  of  furnace  hearth  the 
ba^s  for  judging  the  work  of  the  furnaces  given  in  Table  154.  Some  of  the  data 
cover  a  considerable  range,  but  this  is  due  to  the  character  of  the  ore  treated  and 
the  degree  of  desulphurizalion  desired.  It  will  be  seen  that  kilns  and  muffle 
.jiimaces  are  not  taken  into  consideration. 


■■  .4.  /.  it.  E.,  iQio,  xu 
*  Hofman,  if  in.  Ind. ,  191 1 ,  xx,  4S0. 
Kmupti,  Oeit.  Zt.  Berg.  BiUtemi). ,  i 
'SJiMi  UiH.  Quart.,  jgji.xxxai,  I 
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Table  154— Efficiency  of 

Some  Roasting  Apparatus 

Apparatus 

Pounds  ore  treated  in 

24  hr.  per  sq.  ft 

hearth  area 

Character  of  product 
for  blast-furnace 
smelting 

I.  Roast  heaps  and  stalls 

5-20 

24-35 

33-75 

150 

128 

500-900 

600 

1,000-2,000 
2,200-3,000 

Good 

II.  Reverberatory  roasting  furnaces: 

I.  Hand-furnaces 

Fair 

2.  Mechanical  furnaces: 

average  conditions 

Too  fine. 

special  conditions 

Too  fine. 

3.  Revolvine  cylinders 

Too  fine. 

III.  Blast-roastine  pots,  ranee 

Excellent 

Blast-roastine  pots,  a verase 

Excellent 

IV.  Blast-roasting,  thin  layers  (D  wight-Lloyd 
system) : 

I    Intermittent  down-draft  pans 

2.  Continuous  sintering-machines 

Excellent 
Excellent 

190.  Smelting  in  General. — Smelting  is  a  pyrochemical  process  for  the  ex- 
traction of  a  metal  or  metallic  compound  from  an  ore  carried  on  at  melting  tem- 
perature. The  difference  in  specific  gravity  of  the  fused  metal-bearing  part  and 
the  fused  gangue  cause  them  to  separate  in  layers  in  the  furnace  whence  they  can 
be  withdrawn  at  different  levels.  In  order  to  render  the  gangue  fusible  at  the 
temperature  desired  for  the  separation  of  the  metal-bearing  part,  it  is  generally 
necessary  to  add  certain  substances,  commonly  oxide  minerals,  called  fluxes, 
with  which  it  forms  slags,  igneous  solutions,  the  melting-points  of  which  are 
lower  than  those  of  the  constituent  parts.  The  leading  fluxes  are  limestone 
(dolomite),  iron  ore,  manganese  ore,  silica  or  aluminous  silicates.  Their  effects 
are  studied  in  the  following  sections.  In  some  instances,  fluorspar,  metallic 
sulphides,  barite,  gypsum  are  added  to  smelting  charges.  Fluorspar,  which  melts 
at  1,378°  C,  is  very  fluid  when  melted  and  assists  in  dissolving  refractory  slag 
constituents.  With  CaSiOs,  e.g,,  melting  at  1,501°  C,  it  forms  a  eutectic  with 
38.2  per  cent.  CaF2  freezing  at  1,130°  C*  The  reaction  2CaF2+2SiOi=SiF4 
+Ca2Si04  by  means  of  which  volatile  SiF4  is  to  result  is  of  little  importance 
if  of  any.  Metallic  sulphides  are  used  for  sulphurizing  scorified  metallic  oxides 
and  thus  recovering  them  from  the  slag.  Barite*  and  gypsum^  furnish  both  S 
arid  bases  and  act  as  sulphurizers  and  fluxes;  most  of  the  BaO  and  CaO  will  be 
found  in  the  slag.  Slags  are  formed  not  only  in  the  treatment  of  ore,  but  also 
in  processes  carried  on  to  purify,  i.«.,  refine  metals,  and  to  work  up  metallic 


»  Karandief,  Z/.  anorg.  Chem,,  1910,  Lxvra,  188. 
*  Mostowitsch,  Metallurgies  1909,  vi,  45<>* 

»  Hofman-Mostowitsch,  Tr.  A.  I.  M.  R,  1908,  XXXDC,  628,  1909  XL,  ^7;  1910,  XLi,  763. 
Glasenapp,  TonituL  Z.,  i9o8,xxxii,  X148,  ii97>  "30> 
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compouDds.     They  are  thus  essential    accompaniments  of  every  smelting 
operation. 

Smelting  processes  in  general  are  either  mainly  reducing  or  mainly  oxidizing. 
The  metal-bearing  productof  a  reducing  fusion  is  usually  an  impure  metal,  such 
as  pig  iron,  pig  tin;  it  may  be  a  metallic  sulphide  called  matte,  as  with  sulphide 
ores;  or  an  arsenide  called  speise,  as  with  arsenical  nickel  ores;  sometimes  all 
three  classes  of  products  are  formed  in  a  single  fusion,  as  with  mixed  Pb,  Cu,  Ni 
ores  containing  S  and  As.  The  aim  of  an  oxidizing  fusion  is  (i)  to  remove  im- 
purities contained  in  metal,  as  in  the  conversion  of  pig  iron  into  steel  or  wrought 
iron;  the  refining  of  copper,  the  separation  of  lead  and  silver;  or  (2)  to  decompose 
a  matte  or  a  speise  and  thus  recover  the  metals  with  which  the  S,  or  the  As, 
was  combined;  or  (3)  to  smelt  a  sulphide  ore  for  matte  (pyritic  smelting). 

191.  Slags  in  General.^ — Slags  were  formerly  believed  to  be  mixtures  of 
chemical  compounds  formed  in  smelting  which  retained  the  same  chemical 
composition  in  the  solid  state  that  they  had  in  the  liquid.  At  present  slags  are 
held  to  be  igneous  solutions  of  the  constituent  oxides  and  of  the  chemical  com- 
pounds that  may  have  been  formed,  the  compositions  of  the  latter  depending 
upon  the  thermal  and  chemical  equilibria  of  the  metallurgical  processes  in  which 
the  slags  are  produced.  Slags,  therefore,  ought  to  follow  the  laws  of  solutions 
in  a  manner  similar  to  that  of  alloys;  there  is  sufficient  experimental  evidence  to 
show  that  in  a  general  way  this  is  the  case. 

A  study  of  slags  covers  their  constitution,  fusibility,  fluidity,  texture,  specific 
gravity,  color,  hardness,  specific  heat,  latent  heat  of  fusion,  heat  of  formation, 
and  economic  use. 

Slags  may  be  classed  as  silicate  slags  consisting  of  metallic  oxide  and  SiOs, 
or  non^sUicaie  slags,  consisting  either  of  metallic  oxide  and  acid  other  than 
SiOi,  e.g.,  PjOb,  SOs,  B2O3,  SbaOs,  AS2O6,  Ti02,  etc.,  or  one  or  more  basic 
oxides,  e.g.,  PbO,  CaO,  FeaOj,  MnjOs,  AI2O3,  etc.  Silicate  slags  are  the  most 
important  and  have  received  considerable  study;  comparatively  little  is  known 
about  the  non-silicate  slags  but  the  principles  governing  the  silicate  slags  may 
be  applied  with  suitable  modifications  to  the  non-silicate  slags. 

192.  Silicate  Slags. — In  conformity  with  the  classification  of  the  anhydrous 
silicate  minerals,  silicate  slags  have  been  classed  as  sub-,  singulo-,  bi-  and  tri- 
siiicates  according  to  the  oxygen  ratio  of  bases  RO  to  Si02  or  the  valences  of  the 
metal  bases  to  that  of  Si.    This  classification,  common  to-day,  is  given  in  Table 


*t 


*  Percy,  J.,  "Metallurgy  of  Fuel,"  Murray,  London,  1875,  pp.  46-86;  Jiiptner,  H.  v., 
GnindzQge  der  Siderologie,"  Felix,  Leipsic,  1900,  Vol.  i,  p.  304,  partial  bibliography;  Vogt, 
J.  H.  L.,  "Die  Silikatschmelzl5sungen,"  Dybwad,  Christiania,  1903-04;  Babu,  L.,  "M6tal- 
liiigie  G6n6rale,"  B^rangcr,  Paris,  1904,  Vol  i,  pp.  470-576;  Jiiptner,  "Constitution  of  Slags," 
/.  /.  and  St.  /.,  1900,  II,  276;  ''Kenntniss  der  Schlacken,"  Oest.  Zt.  Berg.  Hiitlenw.,  1902,  L,  165, 
182;  Mathesius,  "Die  Entstehung  der  Schlacken,"  etc,  Berg.  lluUenm,  Z.,  1904,  Lxin,  381; 
Siakl  u.  Eisen,  1904,  xxiv,  1000;  Vogt,  J.  H.  L.,  "Die  Theorie  der  Silikatschinelzl5sungcn," 
Bexicht  V.  Intemat.  Kongress  Angew.  Chemie,  Berlin,  1904,  Vol.  2,  pp.  70-90; 
Timer,  T.,  Phyncal  and  Chemical  Properties  of  Slags,  /.  Soc  Chem.  Ind.,  1905,  xxiv,  11 42; 
Fulton,  C.  H.,  "Principles  of  Metallurgy,"  McGraw-Hill  Book  Co.,  New  York,  1910,  pp.  245- 
i88;  Docker,  C,  "Handbuch  der  Mineralchemie,"  Steinkopf,  Dresden,  1911,  Vol.  i,  557. 
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155.  Akerman  and  Vogt  conforming  to  modem  chemical  nomenclature  have 
substituted  the  name  ortho-silicate  for  singulo-silicate  and  meta-silicate  for  bi- 
silicate,  and  confined  themselves  to  these  two  terms,  as  in  their  synthetical 
fusion  experiments  followed  by  microscopical  examinations,  they  were  enabled 
(with  one  exception)  to  detect  only  singulo-  and  bi-silicates;  they  concluded 
that  the  other  so-called  silicates  were  simply  mixtures  of  oxides,  singulo-^cates, 
bi-silicates  and  Si02. 


Table  155. — Metallurgical  Classification  of  Silicates 


Name 


Common 


Akerman-Vogt 


Silicate- 
Degree; 
Obase: 

O  acid; 
Valency  1 
Metal     J  " 
Valency  Si 


Formulae 


Bi-valent  or 
monoxide  bases 


Tri-valent  or 
sesqulozide  bases 


Sub-silicate .... 
Singulo-silicate. 
Sesqui-silicate. . 

Bi-silicate 

Tri-silicate  . . . . 


Ortho-silicate 


Meta-silicate 


2:1 
1:1 
2:3 
1:2 

1:3 


4RO.  SiO,=R4SiOt 
2RO.  SiO,»RsSi04 
4R0.3SiOs«R4SitOio 
RO.  SiO,»RSiOi 
2R0  3SiO,«R,Si,0, 


4R>Ot.3SiO,«RtSis0u 
2RsOt.3SiOt-R4SitOii 
4RiQi.9SiOs  »  RtSiiOn 
R>Os.3SiOs«RsSiA 
2RiOt.9SiOs  «  R4Si«0M 


Tri-silicates  are  not  produced  in  metallurgical  operations  on  account  of 
their  high  degree  of  viscosity;  bi-silicates  even  are  uncommon. 

The  usual  monoxide  bases  are  CaO,  MgO,  BaO,  MnO,  FeO  (2KsO,  2Na20, 
CU2O,  PbO,  NiO,  CoO,  ZnO,  and  SnO) ;  the  only  sesquioxide  of  importance  is 
AI2O3,  and  this  under  suitable  conditions  may  behave  as  an  acid,  forming 
aluminates  (§206).    Other  sesquioxides  are  Fe208,  Mn20s. 

According  to  the  character  of  the  bases,  silicate  slags  are  sometimes  classed 
as  non-ferrous  and  ferrous.  The  non-ferrous  or  iron  blast-furnace  slags  (French, 
laitier)  are  practically  free  from  FeO  and  consist  mainly  of  S1O2,  AI2OJ  and  CaO 
(MgO.BaO).  The  ferrous  slags  (French,  scorie),  rich  in  FeO,  are  produced, 
either  in  smelting  Pb,  Cu  and  similar  ores,  when  they  are  composed  of  Si02, 
FeO  (MnO),  CaO  (MgO,  BaO),  some  AI2O3  and  occasionally  ZnO,  or  in  puddling 
pig  iron,  when  they  are  made  up  of  Si02  and  FcxOy. 

Table  156  of  Balling,*  to  which  the  data  for  BaO  have  been  added,  simplifies 
finding  the  amounts  of  S1O2  and  base  required  to  form  singulo-,  sesqui-  and  bi- 
silicate  slag§  in  calculating  furnace  charges. 

For  the  computation  of  the  silicate  degree  of  a  slag  from  the  chemical  anal- 
ysis, it  is  necessary  to  determine  the  ratio 

O  in  acidi^SiOj) 
6  in  basesCFcO  .  MnO.  CaO .  MgO .  AhO,  .BaO) 


*  "Compendium  der  Metallurgischen  Chemie,"  Bonn,  1882,  p.  98. 
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Table  156. — Couputatton  of  Bases  and  Siuca  Required  to  Fokm  Silicates 


I  lb.  base  requires  lb.  SiOs  to  form  a 

Name 
of 

I  lb.  SiOs  requires  lb.  base  to  form  a 

Singulo-silicate 

Sesqui-silicate 

Bi-silicate 

base 

Singulo-silicate 

Sesqui-silicatei  Bi-silicate 

O.S3S 

0.803 

1.070 

CaO 

1.86 

1.24 

0.93 

0.196 

0.294 

0.39a 

BaO 

5  10 

3  40 

2.55 

0.750 

1. 125 

1.500 

MgO 

1-33 

0.88 

0.66 

0.873 

1. 310 

1.747 

A1,0, 

1. 14 

0.76 

0.57 

0.416 

0.625 

0.883 

FeO 

2.40 

1.60 

1.20 

0.422 

0.633 

0.845 

MnO 

2.36 

1.57 

1. 18 

The  calculation  is  much  simplified  by  Table  157  of  Mostowitscb\  slightly 
changed.  Take  a  slag  of  the  composition  SiOs  40,  FeO  36,  CaO  20  per  cent. 
The  O  in  SiOj  is  40  :  30=  1.33,  the  O  in  bases  is  (for  FeO=36  :  72  =0.50,  and  for 
CaO=20  :  s6=«o.35)  0.50+0.35=0.85;  hence  the  silicate  degree  1.33  : 0.85  = 
1.565,  a  sesqui-silicate. 

Conversely,  to  fonn  a  singulo-silicate  of  MgO,  it  requires  30  lb.  SiOj  and 

40  lb.  MgO;  for  a  singulo-silicate  of  CaO  and  MgO,  it  requires  30  lb.  SiOs, 

CaO  MgO 

-     -  =  28  lb.  CaO,  — *  -  =  20  lb.  MgO;  for  a  singulo-silicate  of  FeO,  CaO  and  MgO 

FeO                       CaO  MgO 

it  requires =  24  lb.  FeO, =  18.6  lb.  CaO,  -     —  =  13.3  lb.  MgO.     Calcu* 

lations  for  the  chemical  formulae  are  given  by  Balling'  and  von  jUptner.' 


Table  157. — Equivalent  Values  op  Slag-foriiing  Constituents  Based  on  i  Mol.  O 


Slag-forming 
constituent 


SiOr 
FeO. 
MnO 
CaO. 
MgO 
Al/), 
BaO. 


MoL 
weight 


60 
72 

71 

56 

40 

160 

153  4 


Wt.  Oin 
I  mol. 


32 
16 
16 
16 
16 
48 
16 


0  in  I  mol. 
at  wt  0  (  =  x6) 

Equivalent  values  based 
on  I  mol.  0 

1 

2 
I 
I 

X 

I 

3 

I 

60  :  2=30 
72  :  1  —  72 
71  :  1=71 
56  :  1-56 
40  :  X  « 40 
160:3  =  53.3 
153.4  :  I  ==153  4 

193.  Constitution. — The  constitution  of  silicate  slags  is  ascertained  by  the 
microscopical  examination  of  specimens  and  by  tracing  freezing-point  curves. 

^Metallurgies  1912,   ix,  566. 

•Compendium  der  Mctallurgischen  Chemic,"  Strauss,  Bonn,  1882,  p.  122. 

•"GrundzOge  der  Siderologie,"  Felix,  Leipsic,  1900,  i,  26a 
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Slags  that  have  been*  chilled  are  likely  to  be  glassy  and  repgcaoit  solid  sdutkn; 
when  cooled  slowly,  they  show  crystalline  aggregates  whidi  reveal  the  mmenl 
composition,  unless  they  are  too  silicious.  Vogt  {pp.  ciL)  namincd  slag^  hiving 
mainly  CaO,  MgO,  MnO,  FeO  and  small  amounts  of  Fe^  and  AUOi  asbiMi 
He  distinguishes  the  minerals  shown  in  Table  158. 


Table   158. — Mineral  Constituents  of  Silicate  Slacs 


Silicate 
degree 


6.00 
4.00 


Formula 


Mineral 


CiyiUl 
system 


RSijC^T 
RSit(\ 
R«Si,C>a 


2.00 


11 
KSUn 


1.50 


R^SijOio 


I  30 


0.67 


II 


R,SiC)» 


(•lobulitcs  in  add  slags 

Babingtonite   (MnaRO)SiOs+FeflQi.- 
3SiO,. 

Rhodonite.  MnQSiOs 

Augite  varieties,  CaO(MgO)SiOi. 

Wollastonite,  CaQSiOs 

fr'^'!:  ]  FeO.MgO.SiO. 

Hyiiersthcne,    J 

Knstatite.  MgaSiOs 

Ilexagimal  lime  silicate,  CaO.SiOt 

Vkermanite,    R4SiiOio,    new    tetragonal 
mineral  free  from  AljOs,  rich  in  CaO 

Willemite.  aZnO.SiO, 

Montii^llite.  CaOMgO.SiO, 

'    Tephrv>ite,  iMnO.  SiO, 

Fayalite*  iFeO.SiOj 

Olivine,  ^MgaSiO- 

^   Melilite.    i  iRU  2 A1,0,.  SiO, 

Gchknite,  3RO.  Al,0,.2SiO, 


? 

? 

? 
Tridiiiic 

Tridiiiic 

MoDodinic 
Monocfinic 

Orthoriioiiibk. 

OrthoriMNnbic 

HezagonaL 

TetragonaL 

Orthorfaombic 

Orthortiombic 

Orthoxhombic 

Orthorhombic 

Orthorhombk. 

TetragonaL 

Tetragonal 


Their  manner  of  formation  is  shown  in  Figs.  273  and  274.  In  slags  of  a  sili- 
cate degree  of  2.5  and  higher  there  is  formed,  upon  cooling,  an  enamel  or  glass, 
i\<r.,  solid  solution,  which  contains  globulites  and  crj-stallites  of  bi-silicate.  From 
2-silicate  slags  enstatite  crystallizes  out,  if  the  ratio  MgO  (+FeO)  :  CaO  (+ 
MnO)  is  greater  than  2.44  :  i;  augite  will  form,  if  more  CaO  is  present  thai 
corresjwnds  to  the  ratio  1.40  MgO  :  i  CaO;  if  the  CaO<ontent  exceed  the  rati( 
0.3  MgO  :  I  CaO,  monoclinic  wollastonite  or  hexagonal  CaO  metasilicate  vil 
form.  Rhodonite  crystallines  from  a  2-silicate  slag,  if  more  MnO  is  presen 
than  in  the  ratio  i  MnO  :  o.q  (Ca.Mg.Fe)O:  and  augite,  if  less  than  i  MnO : 
(Ca.Mg.Fe)O;  with  an  average  content  of  MnO,  e.g.y  i  MnO  :  1.82  (Ca.Mg.Fc)C 
rhixionite  and  augite  may  form  simultaneously.  From  i-silicate  slags  oUvii 
crystallizes  out,  if  the  ratio  (Mg.Mn.Fe^O  :  CaO  (in  addition  to  NaiO  an 
K2O)  exceeds  i  :  i.i 0-1.20  (the  lirst  limit  corresponds  to  a  high  percentage  < 
AI2O9  (say  20),  the  second  to  a  low  one  (say  3).    MeliUte  will  form  if  the 
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h  a  larger  percentage  of  CaO  than  i  (Mg.Mi 
varying  again  with  the  percentage  of  AljOi). 

The  pyroxene  group  of  minerals  antl  the 
out  only  if  the  silicate  degree  exceeds  1.50  to 
1.60,  AliOi  being  reckoned  as  base;  the 
boundary  between  the  hexagonal  lime  silicate 
and  one  of  the  tetragonal  minerals  lies  at 
a  silicate  degree  of  1.41  to  1.45;  the  limit 
between  augitc  and  tetragonal  mineral  lies 
at  1.50  to  1.53;  and  between  augite  and 
enstatite  and  olivine  slags  at  1.5;  AljOj  only 
slightly  affects  these  boundaries. 

Akermanitc  forms  only  between  the 
O-ratios  1.35  and  1.50;  gehlenite  separates 
from  a  fused  mass  rich  in  AliO*  which  is  of  a 
silicate  degree  below  0,8. 

In  Fig.  273  is  drawn  an  inclined  line 
shomng  the  limits  of  the  formation  of 
Spinell,  RO.R3O1,  which  belongs  to  the  non- 
silicate  slags.  Spinell  is  found  only  in  basic 
before  the  silicate  minerals;  MgO.AliOa,  e 
slags;  ZnCAIiO,  forms  more  readily  than 


n.Fc)0  :  1.35-1-30  CaO  (the  limits 
hexagonal  lime  silicate  crystallize 


^^^^ 

4„ 

....,„. 

HUMa^lPDCII 

Bjl*r«heno 

*M™mr 

j..^^ 

OohllDlM 

Q.tMa,ra  0,&Mt,F*  JJWr,F^ 

Fig.  173. — Constitution  of  silicale-slag 
minerals. 

slags  rich  in  AliO)  and  separates 

.g.,  is  found  in  iron  blast-furnace 
MgO.AljOs;  slags  containing  both 


Fig.  174. — Isotherms  of  cakium  and  magnesium  Mlkalts. 
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FcO  and  FeaOs  arc  liable  to  show  some  magnetite,  Fes04y  as  long  as  the  silicite 
degree  does  not  exceed  2;  the  magnetite  separates  after  spinell,  but  before  or 
simultaneously  with  the  silicate  minerals;  FeiOs  forms  compoimds  with  other 
monoxide  bases;  MnsOs  shows  a  similar  behavior. 

The  solid-line  isotherms  in  Fig.  274  are  believed  to  be  reliable;  those  TepI^ 
scnted  by  broken  lines  are  approximately  correct,  those  in  dotted  lines  repieseot 
calculated  values.  Eutectic  mixtures  are  seen  to  exist  between  augite  and 
olivine  (ratio  70  :  30);  melilite  and  olivine  (ratio  74  :  26),  augite  and  hexagonal 
CaO-silicate  (ratio  55  :  44);  probably  also  between  augite  and  enstatite. 

In  the  determination  of  the  cooling  curves  of  silicate  slags  many  difficulties 
are  encountered,  as  they  usually  do  not  show  decided  retardations  upon  solidifi- 
cation, but  cover  a  wide  melting  range  because  they  pass  gradually  from  the 
liquid  to  the  solid  state  and  vice  versa.  The  only  freezing-point  curves  known 
are  those  of  the  CaO-,  MgO-  and  AljOj-SiOj  series  and  even  here  there  are 
gaps  that  cannot  be  filled  out  at  present. 

194.  Fusibility. — The  fusibility  of  a  silicate  slag  depends  upon  the  silicate 
degree  and  the  character  of  the  bases.  The  following  two  methods  have  been 
used  in  recent  years  for  approximating  the  effects  the  fluxes  have  upon  SiOi; 
they  are  the  determination  of  the  total  heat  of  solidification  of  fused  silicates 
used  by  Akerman,^  and  the  determination  of  the  formation  temperatures  used 
by  Grenet,*  Gredt,'  Hofman,*  Boudouard,*  Day-Shepherd-Rankin*  and  others. 

In  the  determination  of  the  total  heat  of  solidification,  a  slag  mixture  is 
melted  in  a  crucible,  cooled  and  partially  solidified,  and  the  remaining  molten 
part  |H)urcd  into  a  calorimeter.  The  latent  heat  of  solidification  plus  the  heat 
evolved  in  cooling  from  the  melting-point  down  to  ordinary  temperature  gives 
the  total  heat  of  solidification.  From  this  can  be  calculated  the  melting  tem- 
peratun^  according  to  the  formula  ()=Cjr+L,  in  which  Q  is  the  total  heat  of 
solidification  in  g.  cal.  per  g.,  Cl  the  average  specific  heat  between  0  and  I^^C, 
7'  the  fusion  temperature,  and  L  the  latent  heat  of  fusion.  Cjr =0.29-0.33  with 
SiCVCaO-AljOj  slags,  the  lower  figure  to  be  used  for  the  niore  readily  and  the 
higher  for  the  less  readily  fusible  slags;  L  ranges  between  73  and  120,  average 
05  g.  cal.  per  g. 

In  determining  the  formation  temperature  two  methods  may  be  used.  In  one 
the  cvMiiiHMionts  of  the  slag  mixture,  ground  fiinely  to  a  uniform  limiting  size, 
are  mixi\l  vlry.  moKl^xl  wiih  a  dextrine  solution  to  the  form  of  a  Seger  cone  (§97)1 
drit\l.  and  then  hoaii\i  on  a  platinum  foil  suppH>rt  in  a  crudble  containing  Seger 
co!u*s  to  stTNc  for  ovMitrv^l  of  temperature.  As  Seger  cones  are  not  pyrometers, 
but  o!\ly  pvrv^scv^jvs.  aoourate  temperature  determinations  cannot  be  made  with 
ihciv.;  turthcr  disvui vantages  in  their  use  are  that  the  time  factor  and  the 

•  <  zu  %.  yL<r%,  iS^?.  VI.  jSi  :  J.  L  jii  ^i  /  .  iS^.  I,  31a 

•  . "     t.  .     U    r.,  inn:,  wix,  ?^:. 

•  .'    .'    jnj  <  .  '  .  icox,  ;.  j;;c.  cr.-.v^u^^  by  Kuhdciiioc,  I  imi  St  Jf^f.*  1905,  X,  295;  reply 

RsT.     li  .f .  .   '.  X^?.   1'.'..    >*  !  "• 

•  .Iw.  /    <,..  :cc"  v\::,  --^x;  :>n\:.  vv. :::.  :>cj;.  :Q:r.  :ii,  ;ii. 


PYROMETALLUBGICAL  PROCESSES  AND  APPARATUS      439 

personal  equation  of  the  observer  play  an  important  r6Ie  in  judging  of  the 
result.  Nevertheless,  in  making  series  of  tests  data  of  metallurgical  value  are 
obtained,  even  if  they  are  not  scientifically  correct. 

In  the  other  method  followed  by  Shepherd,  Day,  Rankin  and  others,  the 
slag  mixtures  are  heated  in  an  electric  resistance  furnace,  the  temperatures  are 
accurately  measured  by  means  of  a  thermo-electric  or  an  optical  pyrometer,  and 
the  physical  changes  in  the  mixtures  noted.  This  method  gives  accurate  data, 
but  usually  is  out  of  reach  of  the  average  worker  when  dealing  with  tempera- 
tures exceeding  say  1,200°  C. 

The  formation  temperatures  of  silicate  slags  are  lower  than  the  temperatures 
at  which  the  formed  silicates  melt,  provided  the  components  are  ground  finely 
and  mixed  intimately.  This  has  been  shown  by  Day-Shepherd,^  Hofman- 
Mostowitsch^  and  others;  it  upsets  the  older  theory  of  Plattner  which  held 
the  reverse. 

In  practical  smelting  where  the  different  parts  of  a  charge  are  neither  finely 
divided  nor  intimately  mixed,  the  Plattner  theory  holds  good.  The  components 
of  a  slag  will  always  have  to  be  brought  to  a  higher  temperature  than  the  melt- 
ing-point of  a  formed  slag  in  order  that  the  slag  may  form  at  all.  It  is  the  com- 
mon practice  in  most  smelting  operations  to  add  formed  slag  to  the  charge,  as 
in  melting  readily  it  induces  the  charge  to  melt. 

The  curves  so  far  obtained  by  the  three  methods  outlined  give  a  general 
idea  of  the  constitution  of  the  slags.  Some  of  the  leading  results  of  Akerman, 
Boudouard,  Gredt,  Grenet,  Hofman,  Day-Shephcrd-Rankin  and  others  are 
given  below.  References  to  the  older  researches  by  Lampadius,'  SefstrSm,* 
Bcrthier,*  Percy-Smith,®  Bischof^  and  Plattner*  are  given  in  the  foot-notes. 

195.  Sodium  and  Potassium  Silicates. — Alkali  silicates  form  at  low  tem- 
peratures. Leaving  assaying  out  of  consideration,  they  are  of  minor  importance 
in  smelting  work,  but  are  formed  in  the  refining  of  precious  metals.  Na2Si08 
melts  at  1,007°  C.,*  KjSiOs  at  890°  C.^^  Figs.  275-276"  give  the  data  of  Grenet, 
which  are  lower  than  the  later  investigations  just  quoted,  the  sodium  bi-silicate, 
with  49  per  cent.  Si02,  being  shown  to  have  a  formation  temperature  of  only  735° 
C.  The  curves,  however,  show  that  temperatures  rise  gradually  with  an  increase 
of  SiOs  until  the  mixture  contains  about  86  per  cent.  Si02  and  that  the  further 
rise  is  sudden.    The  rise  of  formation  temperature  of  potassium  silicates  with 

*/.  Am,  Ckem.  SoCj  1906,  xxvni,  1092. 
«  Tr.  A,  I.  M,  Kf  1908,  XXXIX,  628. 

•  Journal  des  Mines ^  1805,  xviii,  171;  also,  "Handbuch  der  Allgemeinen  Hiittenkunde/' 
Dietrich,  Gdttingen,  1801-1810,  i,  127. 

^  Jemkoni,  Ann.,  1828,  i,  155;  also  Erdmann's  Tech.  Oek.  Chem.,  1831,  x,  145. 

•  "Trait6  des  Essais,"  Thomine,  Paris,  1834,  i,  430. 
•Percy,  J.,  "Fuel,"  Murray,  London,  1875,  P-  59- 

"*  Dingier  Pol.  /.,  1862,  clxv,  378. 

•Merbach,  "Die  Anwendung  der  Erw&rmten  GebUlseluft  in  der  Metallurgie/'  Leipsic, 
X840,  p.  288. 

•  Kultascheff,  Zt.  anorg.  Chem.,  1903,  xxxv,  187. 
"  Doelter,  op.  cii. ,  p.  659. 

"  Babu,  "M6taliurgie  G6n6rale,"  i,  500  and  501. 
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increase  of  SiO),  starting  with  the  6-$iIicate  containing  65  per  cent  SiOi,  li 
uniform  throughout  and  much  quicker  than  that  of  the  sodium  silicate.  AIM 
silicates  are  glassy,  more  or  less  transparent  and  usually  colored  by  impiuitics; 
they  are  pasty  at  the  formation  temperature,  but  very  fluid  when  superheatei 
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Fic.  275.^Potassium  and  sodium  s'licittes. 
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Fic.  376. — Fotasstuin  and  sodium  silicates. 

Researches  relating  to  the  effects  of  NaaSiOj  upon  other  silicates  have  been  made 
by  Kultascheff'  and  Wallace.* 

i()6.  Aluminum  Silicates. — Pure   aluminum   silicates  are   not  formed  in 
metallurgical  practice,  unless  it  be  in  an  electric  furnace,  on  account  of  their  high 

'Z/.  anorg.  Ckem.,  1903,  xxv,  187. 

*0f.  cil;  1909,  uuu,  i(  Metaliurtie,  1910,  vji,  115. 
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formation  temperatures.  The  older  research  on  the  formation  temperatures 
is  that  by  Seger,  represented  in  Figs.  227  and  228.  The  results  of  the  more 
recent  work  by  Shepherd  and  Rankine*  are  shown  in  Fig.  277;  the  similarity 
of  the  curves  is  striking. 

Alimiinum  silicates  are  whitish,  have  a  stony  texture  and  are  very  viscous. 


lOO-StOs 

o-^/,o. 


SiOi  -  0 


Fig.  277. — Alumina-silica  series. 

197.  Calcium  Silicates. — Pure  calcium  silicates  are  made  as  little  as  alumi- 
num silicates  in  metallurgical  practice  and  for  the  same  reasons  unless  we  accept 
the  statements  of  Mathesius*  and  Johnson^  that  in  the  iron  blast-furnace  slag, 
AlsOs  is  chemically  indifferent,  acting  only  as  a  diluent  which  affects  the 
viscosity. 

Fig.  278  by  Day  and  Shepherd*  represents  the  freezing-point  curve  of  the 
lime-silica  series.*  It  starts  at  A  with  the  melting-point  of  SiOj  at  i,6oo°  C.;* 
the  line  ^4^  is  dotted,  as  the  melt  is  too  viscous  to  allow  an  exact  location  of 
the  freezing-points.  At  5  (i>4i7°  C.)  is  a  eutectic  (37  per  cent.  CaO)  of  tridy- 
mite  and  calcium  bi-silicate;  at  C  (1,512°  C.)  the  calcium  bi-silicate  (CaSi03) 
which  inverts  at  1,200°  C.  into  woUastonite;  at  D  (1,430°  C.)  a  second  eutectic 
(54  per  cent.  CaO)  of  calcium  bi-silicate  and  singulo-silicate;  at  E  (2,080°  C.)  the 
calcium  singulo-silicate  (CaaSiOi);  at  F  (2,015°  C.)  a  third  eutectic  (67.5  per 
cent.  CaO)  of  calcium  singulo-silicate  and  CaO.  The  curve  shows  the  absence 
of  the  supposed  compounds  2Ca0.3SiOsy  4Ca0.3Si02  and  3CaO.SiOs. 

While  the  freezing-point  curve  takes  precedence  over  the  determinations 
made  by  Akerman,  Boudouard,  Gredt  and  others,  the  curve  of  total  heat  of 
solidification  by  Akerman  is  reproduced,  as  it  is  essential  for  the  study  of  the 

*  Am.  J.  SCf  1909,  XXVIII,  293. 
^Stahl  u.  Risen,  1908,  xxviii,  11 21. 

*  Tf.  A.  I.  M.  E.y  x9i2,XLiv,  123. 

*/.  Am.  Chem.  Soc,  1906,  xxviii,  1089. 

*Schott,  A.,  *' Kalksilicate  und  Aluminate/'    Doctorate  dissertation,  Heildclbcrg,  1906. 

*  This  is  lower  than  the  figure  assumed  by  Seger  (1,800^  C.)  and  found  by  Kanolt  (1,750°  C  ). 
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Fig.  378. — Lime-silica  series. 


Fig.  379. — Total  heats  o(  solidification  of  time  silicates. 
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other  results  obtained  by  the  same  method  for  which  there  exist  no  freezing- 
point  curves.  Figs.  279  and  280'  represent  the  total  heats  of  solidification  of 
calcic  silicates  with  silicate  degree,  or  per  cent.  SiO),  as  abscissa  and  calories  as 
ordinate.  The  general  character  of  the  curve  resembles  that  of  branch  BCD 
in  Fig.  278.  The  maximum  (50  per  cent.  SiOi)  practically  coincides  with  the 
bi-silicate  (51.8  per  cent.  SiOi),  while  the  minimum  with  60.4  per  cent.  SiOi  is 
some  distance  away  from  the  eutectic  D  (46  per  cent.  SiOi)  of  Fig.  27S. 


B 


t 


Fig.  zSo. — Total  heats  of  solidification  of  lime  silicates. 


Caldc  silicates  high  in  SiOt  arc  a  bluish-gray  and  usually  have  a  crystalline 
texture;  from  the  i-  to  the  2.5-silicate  they  are  fluid,  between  the  z.5-  and  4- 
silicatc  they  are  viscous  and  then  again  fluid;  the  3-silicate  appears  to  be  the 
most  viscous.  The  electric  conductivity  of  CaSiOi  in  the  liquid  state  has  been 
studied  by  Doelter.* 

198.  Caldum-Manganese  Silicates. — The  influence  of  MnO  upon  the  fusi- 
bility of  calcium  silicates  is  shown  in  Fig.  281.  This  gives  the  total  heats  of 
s<didification  of  slags  ranging  from  i  -  to  3-silicates.  The  curves  are  all  V-shaped, 
».«.,  up  to  certain  replacements  of  CaO  by  MnO  varying  with  the  different  sili- 
cates, the  total  heat  of  solidification  decreases,  reaches  a  minimum  and  then 
again  increases.  The  colors  of  these  slags  vary;  they  are  gray  with  small,  and 
reddish  with  large,  amounts  of  MnO;  the  i-silicate  shows  green,  yellow,  and 
brown  colors.  All  the  slags  are  very  fluid  and  have  a  crystalline  texture.  MnO 
has  a  tendency  to  increase  the  fluidity  of  all  slags. 

'The  curves  of  ALerman  {Stahl  u.  Eisen,  1886,  VI,  181,  J87)  have  been  taken  from  Babu's 
"MiUllurgie  Gintrale,"  Vol  i,  instead  of  from  the  original,  as  having  been  replotted  they 
occupy  less  space  and  are  thus  better  suited  tot  insertion  in  the  teit. 

'Tonind.Z.,  igii.xxxv,  118. 
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199.  Calctum-Magne^um  Silicates. — ^These  slags  are  formed  only  m  ei 
tional  cases,  e.g.,  in  smelting  in  the  charcoal  iron  blast-fumace,  but  evcD 
they  contain  small  amounts  of  AltO«,  MnO  and  FeO. 
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The  equilibrium  diagram  of  this  series  of  bi-silicates,  Fig.  383,  has  beet 
by  Allen  and  White.*    Starting  with  CaSiOi  freezing  at  1,512°  there isab 
•  Am.  J.  Sc,  1909,  XXVII,  I, 
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calcium- magnesium  silicates. 


PneeutSlllem 
S4.— Tobl  heats  of  solidification  of  certain  calcium -magnesium  silicates. 
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first  eutectic  CaSiOa— (CaMg)SiOi  with  72  per  cent.  CaSiOi  freeiiiig  at  i jjo* 
C,  the  chemical  compound  (CaMg)SiOi  with  53  per  cent.  CaSiO)  freeiingit 
1,381°  C,  the  second  eutectic  (CaMg)SiOi— MgSiOi  with  32  per  cent.  CiSiOi 
freezing  at  1,375°  ^-t  ^"d  the  MgSiOi  freezing  at  1,524°  C.  'The  tratufonnt 
tions  shown  in  the  diagram  have  only  mineralogical  interest. 

Figs.  283  and  284  give  the  total  heats  of  solidification  of  slags  with  dtfioitc 
proportions  of  CaO  and  MgO  ranging  from  CaO+iMgO  to  3CaO+iMgO;iD 
Fig.  283  the  abscissa  denotes  the  silicate  degree  ranging  from  i  to  4,  and  in  Y% 
284  the  percentages  of  SiOa  ranging  from  30  to  75.  Fig.  285  gives  similar  dati, 
the  silicate  degree  of  the  several  curves  is  fixed  and  the  molecular  ratio  of  CaO 
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Fig.  185. — Total  heats  of  solidification  of  certain  caidum-magne^um  silicUo. 


and  MgO  vaiied  from  o  to  2.0.  The  curves  in  Figs.  283  and  284  shovtvo 
eutectic  minima,  one  with  the  1.5-silicate;  the  other  lies  close  to  the  2.5-silicatc; 
between  them  there  is  a  maximum  at  the  1.75-silicate  corresponding  to  the 
mineral  augite.  The  lowest  melting  heat  of  Ca-MgO  silicates  with  from  a  p*i 
cent.  MgO  (see  Fig.  280)  to  42  per  cent.  MgO  (from  CaO+MgO,  Fig.  184)  lio 
near  59  to  63  per  cent.  SiOj;  the  second  lowest  near  45-48  per  cent.  Sid.  ^'B- 
285  has  four  V-shaped  curves;  these  show  that  within  a  range  of  the  1.5- to 
3-silicate  the  replacement  of  CaO  by  MgO  lowers  the  melting  heats  to  certain 
|K)inls  and  then  raises  them  beyond  those  of  the  pure  calcium  silicates.  The 
influence  of  MgO  appears  to  be  weaker  upon  the  i-  and  3-silicate3  than  upon  the 
2-  and  2.5-silicatcs.  The  thermal  values  show  that  in  a  2-silicate  the  lowest 
mt'ltinR  heat  is  reached  with  a  molecular  ratio  MgO  :  Ca0=o.44  {=31.7  ^1 
weight)  or  that  the  weight  of  CaO  must  be  approximately  three  times  thatol 
MgO.  The  slag  in  question  has  the  composition:  SiOi  54.2,  CaO  34.5,  MgO 
11.3.     The  same  ratio  gives  the  lowest  melting  heat  for  the  1.5-silicatc,  while 
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lags  more  add  than  the  2-silicate  require  a  ratio  MgO  :  CaO  that  is  lower 
ban  0.44. 

Caldum-magnesium  slags  are  gray  to  grayish-blue;  have  a  crystalline 
«xture  up  to  the  3-silicate;  the  texture  becomes  more  vitreous  between  the  2- 
ind  3-silicates;  the  fluidity  decreases  with  the  increase  of  SiOi;  slags  with  a  sili' 
ate  degree  of  z  to  3  are  very  viscous.  The  data  given  in  Figs.  383-185  are 
»mbined  to  a  triaxial  diagram,  Fig.  286.^  The  "isocals,"*  which  are  drawn 
»  cal.  apart  show  1  minima;  the  first  with  SiOi  55  to  60  per  cent,  and  MgO  5 
-jO  to  per  cent.  (SiOi  58,  CaO  33,  MgO  9  per  cent.,  358  cal.);  the  second  with 


Fig.  186. — Triaxitil  diSigrain  of  calcium- magoesitun  silicates. 

SiOi  45  to  50  per  cent,  and  MgO  10  to  iS  per  cent.  (SiOt  47,  CaO  38,  MgO  15 
pei  cent.,  410  cal.). 

20D.  Calcium  (MagiieBium)-Aluminum  Silicates. — Considering  that  these 
fllicates  represent  the  slags  made  in  the  iron  blast-furnace,  their  study  is  of 
jaramouht  importance.  They  have  been  investigated  by  Akerman,  Gredt, 
Boudouard,  Rieke,'  Theussner*  and  others.  The  work  of  Shepherd  and 
ilankin^  and  Shepherd-Ran  kin- Wright  *  deals  with  cements. 

The  results  of  Akerman'  are  given  in  detail  in  Figs.  387  to  391  and  are  in 

>Babu,  0^.  eil.,i,  siS- 

'Bowe's  term  (Tr.  A.  I.  M.  E.,  1S98,  xxvui,  347)  for  lines  tepresentiiig  equal  quantities 
ifhuL 

»  SUM  u.  Eiien,  1908,  xxviii,  16. 

*  UttaSurpe,  1908,  v,  657. 

*J,Jnd.  Efif.  Chtm.,  191 1,  ni,  II r;  Slahl  ••    "iitn,  1911  xxxi,  1395. 

^Am.J.Se.,  1909,  xxvm,  393. 

*5(wU  K  Emm,  18&6,  vi,  381,  387 
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part  summarized  in  Fig.  392.  The  curves  in  Fig.  287  give  the  total  heats  of 
solidification  of  slags  with  definite  proportions  of  CaO  and  AliOi,  ranging  from 
I  CaO  :  AltOt  to  30  CaO  :  AUd,  and  an  increasing  silicate  degree;  the  curve 


Fig.  2S7. — Total  heats  of  solidiiicatioa  of  ccitun  calcium- aluminum  silicates. 
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n  calcium-aluminum  silicates. 


for  Ca-si!icatcs  is  added  to  assist  in  the  study  of  the  effects  of  AljOi.  All  the 
curves  show  that  a  small  addition  of  AiiOa  lowers  the  melting  heat.  With  a 
single  exception,  every  curve  has  one  minimum,  some  have  two.     The  n 


1      which  have  approximately  the  same  total  heat  of  fusion  appear  to  be  grouped^^^l 
1      in  two  regions,  between  the  o.6-  and  the  i-silicales,  and  bej'ond  the  2-silicat^^^| 
I      the  curve  15  CaO+zAliO).                                                                                    ^^H 
1              0  in  AUO.           mol.  wt.  0  in  M,  0,               wt.  0  in  AI,0,                      ^^M 
1                OinCaO      °'''  mol.  wt.  0  in  CaO      °'3^'  wt.  0  in  CaO      °'^'*5        ^H 

1       forming  the  dividing  line.     Slags  running  high  in  AliOa  have  two  minima  wi^I^^H 
1        intervening  maximum;  the  first  is  more  pronounced  than  the  second;  theii^^^| 
general  form  suggests  two  eutectic  mixtures  (Ca  aluminate+Ca-Al  silicate  an^^^J 
Ca-Al  sUicates+SiOj)  and  a  chemical  compound  (meJilite).                                ^^H 
Fig.  j88  gives  the  total  heats  of  slags  with  fixed  silicate  degrees  and  increasing '^^^ 
ratios  of  0  In  AljOj  :  0  in  CaO.     Small  additions  of  AljOs  to  Ca-silicates  quickly 
reduce  the  total  melting  heats  and  the  slags  soon  reach  their  minima;  the  Icwer 
the  silicate  degree  the  larger  is  the  amount  of  AljOj  necessary  to  reach  the  mini-  ^^^ 
mum;  after  the  minimum  has  been  reached  the  rise  of  the  curve  is  slower  thaa^^f 
the  preceding  fall.     The  minima  have  the  following  percentage  compositions,   ^^^| 

Table  isg.— Minika  or  CAiauu-ALUioNuu  Silicates                           ^^^H 

Silicate 
d«rce 

OS 

0.7 

,0 

IS 

..0 

3.5 

..■ 

SO,,  percent.. . 
CaO,  per  cent , . . 
AI.O.,per«tit... 

J6.31 
35-36 
38-33 

3I.3S 
38.81 
.8.84 

38. SI 
4S  13 
16.17 

48.11 
30.rt6 
tlii 

54.40 
38.29 
7.30 

59, 06 

36.43 

4  SI 

61. 68    ^^1 

35 -o>  ^m 

Calcium-aluminum  silicates  are  gray;  when  high  in  SiO»  and  AljOj  the  tex-^^| 
ture  is  vitreous  and  the  Sow  rather  viscous;  when  low  in  these  constituents,  ths  ^^H 
texture  is  crystalline  and  the  flow  fluid.     Their  electric  conductivity  in  the^^| 
liquid  state  has  been  investigated  by  Doelter.'                                                      ^^M 

In  the  iron  blast-furnace  slag  CaO  is  likely  to  be  replaced  to  some  extent  by  ^^M 
MgO  on  account  of  the  use  of  a  dolomitic  limestone  as  flux.     Figs.  289  to  291  ^^1 

the  1.0-,  and  the  2.s-dcgree  in  which  CaO  has  been  replaced  by  MgO  in  the  two 
proportions:  ()CaO+4MgO  and   7CaO-|-4MgO,  and  the  molecular  ratio  of 
AIiO,  and  CaO  varied.     Fig.  389  shows  that  the  heats  of  fusion  of  Ca-Mg- 
AI  i.s-silicates   are  lower  than  those  of  the  corresponding  Ca-Al  silicates  as 
long  as  the  ratio  AljOa  :  (9CaO-(-4MgO}  is  <  10  :  90,  but  higher  when  >  10  :  90; 
Figs.  290  and  291  indicate  that  with  the  2.0-  and  s.s-silicates  the  total  heats 
of  fusion  of  the  Ca-Mg-AI  silicates  are  again  tower  than  the  Ca-Al  silicates,  but 
only  as  long  as  the  percentage  of  AljOj  is  small;  they  are  very  much  higher 
when  it  is  large. 

These  slags  are  gray,  have  a  crystalline  texture  when  the  percentage  of  AI3O1 
is  low,  but  become  vitreous  with  an  increase  of  Alid.     All  slags  are  more  or 
^Thonind-Z.  1911.  xxxv,  118, 
1             *' 
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Figs.  3S9  to  291. — Total  heats  of  solid! ficatioa  of  certain  caldum- 
aluminum  silicates. 
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less  viscous  excepting  the  i.5-silicate5  in  which  the  ratio  AliOa :  (QCaO+4MgO) 
is  <s  :  95- 

In  Fig.  2t)2  the  data  of  Figs.  287  and  288'  are  combined  to  a  triaxial  diagram.^ 
The  isocals,  drawn  zo  cal.  apart,  show  two  minima  with  the  same  total  heats  of 
fusion  separated  by  the  maximum  with  50  per  cent.  SiOa.  The  accurate  posi- 
tion of  one  of  the  minima  is  the  point  represented  by  SiOj  56,  CaO  36,  AlgOi  8 
per  cent.,  and  that  of  the  other  by  SiOi  40,  CaO  44,  AijOj  16  per  cent,;  chaicoal 
blast-furnace  slags  belong  to  the  first  category  and  coke  blast-furnace  slags  to 
the  second  along  the  lime  side  of  the  valley.  Here  the  isocals  360,  380  and 
400  show  by  their  diagonal  extension  toward  the  AUOa  side  that  with  ao 
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Fig.  193. — Formation  temperatures  of  certain  caldum-Bluminum  singulosilicatM. 

increase  of  AljOj  the  total  heats  of  fusion  remain  the  same  as  long  as  the 
percentage  of  SiO]  is  reduced  to  about  one-half  of  the  increase  of  AltOt. 

The  effect  of  MgO  upon  Ca-Al  silicates  can  be  seen  by  comparing  the  triaxial 
diagram  of  Ca-Mg  silicates,  Fig.  z86,  with  that  of  the  Ca-Al  silicates,  Fig. 
292.  The  major  axes  of  the  minimum  areas  of  Fig.  286  cross  those  of  Fig.  39J 
approximately  at  right  angles.  The  inference  to  be  drawn  is  that,  while  the 
addition  of  calcium-aluminum  silicate  to  calcium -magnesium  silicate  lowers  the 
areas  of  the  minima,  it  will  cause  a  rounding  off  of  the  isocals  with  the  result  that, 
starting  from  the  center  of  a  minimum  area,  equivalent  changes  of  constituents 
will  cause  only  slight  variations  in  the  total  heats  of  fusion.  Thus  the  maximum 
(SiOi  51,  CaO  36,  MgO  13  per  cent.,  420  cal.).  Fig.  286,  which  separates  the 
two  ininima  of  the  calcium-magnesium  silicates,  and  the  maximum.  Fig.  292,  of 


'  Babu,  Bp.  til.,  I,  524, 
•See  also  Howe,  Tr.  A.  L  M.  E., 
Ashley,  op.  eil.,  igai,  xxxi,  ^55. 
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the  caldum-aluminum  silicates  (SiOi  51,  CaO  38,  AIjOi  is,  360  cal.)i  have  ap- 
proximately the  same  percentages  of  SlOj  and  CaO  and  show  a  difference  of  only 
60  cal. 

The  formation  temperatures  of  the  caldum-aluminum  silicates  and  the  effect 
of  MgO  upon  the  one  which  showed  the  greatest  fusibility  have  been  determined 
by  Gredt.'  His  curve  is  reproduced  in  Fig.  293.  Starting  with  Ca-singulo- 
silicate  which  forms  at  1,570°  C.,*  the  formation  temperatures  fall  at  first 
rapidly  and  then  more  slowly  with  the  additions  of  AljOa  until  the  minimum  is 
reached  at  1,410°  C.  with  the  ratio  of  0.608,  by  weight,  or  With  approximately 
32  Al,Oa  :  68  CaO^  they  then  rise  again  quickly.    A  comparison  of  these  forma- 
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Ftc.  394. — Forma tion'temperat urea  and  total  heat  of  solidification  of  certain  calcium-alumi- 
num silicates  compared. 

tion  temperatures  with  the  total  heats  of  solidification  of  Akerman,  as  plotted 
by  Babu,*  Fig.  294,  shows  a  general  similarity  of  the  results  obtained  by  the 
two  methods.  There  is,  however,  a  difference  in  the  loci  of  the  minima;  Gredt's 
minimum  lies  at  the  O-ratio  0.9  and  that  of  Akerman  at  0.7.  Akerman*  has 
tabulated  some  of  Gredt's  results  and  the  melting  temperatures  of  similar  mix- 
tures calculated  from  his  calorimetiic  figures.  These  data  also  show  a  general 
resemblance  in  results,  but  bring  out  many  differences  in  detail.  The  higher 
temperatures  are  explained*  by  the  fact  that  temperatures  assigned  to  the  Seger 
cones  have  been  found  by  later  calibrations  to  be  too  high.* 

The  effect  of  MgO  upon  the  caldum-aluminum  singulo-silicate  of  lowest 

'  Stakl  u.  Eiscn,  1889,  Dt,  756. 

'  Compare  Fig.  ijS. 

'Op.  cit.,  I,  5)8. 

'Stahlu.  Eiien,  1890,  x,  414; /.  /.  and  St.  I.,  1890,11,  76a 
Howe,  Eng.  Min.  J.,  1B90,  xlijc,  637,  '*7S- 

•  Boudouatd,  J.  I.  and  St.  I.,  jqos,  i,  339- 

*  Compare  Tables  67  and  68. 
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on  temperature  is  shown  in  Fig.  395.  Starting  with  1,410°  C.  (SiOi 
aO  37.3,  AIiOi  32.-j),  the  formation  temperature  is  seen  to  fall  gradually 
le  replacement  of  CaO  by  MgO  until  the  minimum  of  1,350°  C.  has  been 
I  at  the  ratio  (by  weight)  of  MgO  :  CaO=o.635  or  of  37.5  MgO  :  65.1 
he  slag  having  the  composition  SiOi  43.0,  CaO  20.8,  MgO  13.3,  AliO« 
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Fio.  195. — Caldum-aluminum  silicate  with  the  replacement  o[  calcium  by 
Magnesium. 

iie  temperature  then  rises  again  gradually  until  the  pure  magnesium- 
im  singulo-silicate  is  reached  at  i,497°  C.  Gredt's  idea  of  calculating  the 
>f  MgO  upon  the  other  i-silicates  of  his  series,  upon  the  assumption  that 


Fig.  ig6. — Fonnation  tempciatuies  of  ferrous  dlicates  (Hofman). 

ional  replacements  will  have  similar  effects  upon  temperatures,  does  not 
to  be  justifiable  considering  the  results  obtained  by  Akerman. 
more  recent  and  elaborate  work  of  Boudouard'  upon  formation  tempera- 
.;  Res.  Gen.  Cktm.,  Fun    tl  Appliqute,  1906,  ix,  4SS;  Compt.    rtttd.,  1907,  CXLIV, 
^lurgie,  1907,  IV,  816. 
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tures  of  calcium-aluminum  silicates  substantiates  in  a  general  way  the  cdd-  ' 
elusions  arrived  at  by  Akerman  and  Gredt. 

301.  Inm  Slicates. — These  silicates  ue 
formed  in  puddling  pig  iron,  and  then- 
heating  of  muckbar  and  steel  ingots,  puddle 
cinder  holding  FeO,  and  FetOi  in  igneoiE 
solution.  Figs.  296  to  397  give  the  dati 
of  Hofman'  plotted  by  Babu.*  The  ciir\-B 
show  that  in  the  range  of  the  investiga- 
tion the  lowest  fonnation  tcmpentuit, 
1,1 10'  C,  is  that  of  the  bi-silicate  (FeO.SiO,) 
with  45.45  per  cent.  SiOj  and  the  highest, 
1,280°  C.  that  of  the  sub-silicate  4  FeO.SiOi 
«-ith  17  per  cent.  SiO».  Between  these  ei- 
tremes  there  is  a  maximum  at  1,170°  ^ 
with  SiOi  29.20  per  cent,,  which  corresponds 
suiuuD(«n«  to  the  mineral  fayalite,  zFeO.  SX)),  andi 

my.     i'otniutjon  icmpcra tures  of  minimum  which  may  be  a  eutectic. 
(MniHs  silicates  {Hofmant.  According    to    the   investigations  of  E 

Stcffe*  represented  in  Fig,  298,  the  formi- 
temiHTuture   in   the  range   4FeO.SiOi— 4FeO,3SiOj  shows  little  varia- 
,  and  then  risfs  suddenly  with  an  increase  in  SiOj.     Of  the  two  curv«, 


F.'c 


irt's  <.>f  ferruus  silicalcs  ^Sleffv). 


the  lirtviT  n-pr<-sonts  thi-  temperature  at  which  the  mixtures  began  to  sinter, 
ami  the  upi>er  the  one  at  which  Ihev  wore  wmpletelj-  fused.     The  detenaiW" 

'  f'  .1.  /.  M.  F...  is<,..  \\i\.  :.>.-. 

'  "Mi-tjIliiivH-  ticnrrjK'."'  Vi'I.  I.  I'p.  50J  inj  534. 
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s  of  SteSe  made  in  an  electric  resistance  furnace  in  a  current  of  N,  the 
peratures  being  measured  with  a  Le  Chatelier  pyrometer,  are  more  accurate 
1  those  of  Hofman  made. in  a  gas-furnace  and  with  Seger  cones.  Mever- 
ess  the  latter,  while  scientifically  not  correct,  give  data  which  resemble 
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FiC,  »9g.— Formation- temperalu res  of  some  ferrb-calcic  silicales  (Hotman). 

lace  conditions  and  have  been  borne  out  in  a  general  way  by  furnace  practice, 
idatly  in  the  case  of  pyritic  smelting  where  formation  temperatures  are  of 
1  vital  importance.  Ferrous  alags  are  more  or  less  viscous;  those  of  a 
ate  degree  below  the  i-silicate  are  more  fluid  than  those  above  it. 
103,  Iroa-Calcium  Silicates.' — These  silicates  are  characteristic  for  slags 
lodnan,  rr.^./.W.£.,  iSog.xxtx,  68!;see  also  com  tnenlby  Ashley, of. cil.,\qciv,n3x.v,%=)V 
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made  in  smelting  Pb,  Cu,  Ni  and  other  non-ferrous  ores.  The  FeO  is  frequently 
replaced  more  or  less  by  MnO;  the  CaO  by  MgO,  BaO  and  ZnO;  the  SiOi  and 
CaO  by  AliOa.  A  list  of  the  different  iron-caldum  silicates  is  given  in  Table 
160.  The  table  is  useful  in  studying  the  ran^e  of  composition  within  which 
lie  slags  made  in  various  smelting  operations. 

Fig.  399  gives  the  formation  temperatures  of  iron-calcium  silicates  ranging 
frcm  the  0.5-  to  the  i-silicate  degree.  The  curves  in  a  general  way  show  that  a 
progressive  replacement  of  FeO  by  CaO  has  a  tendency  to  lower  the  formation 
temperatures  and  then  to  raise  them  beyond  the  starting  point.  The  curves 
fomi  two  groups.  The  first,  containing  the  0.15-,  0.66-,  and  i-siticates,  shows 
slight  irregularities,  due  perhaps  to  the  peroxidation  of  small  amounts  of  Fe. 
Each  curve,  however,  has  two  minima;  the  first  lying  within  the  range  of  10  to 
20  per  cent.  CaO  has  higher  formation  temperatures  than  the  second  with  32  to 
36  per  cent.  CaO;  the   minima  are  separated  by  maxima. 
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MXOiO 
le  (erro-calcic  silicates  (Stefie). 


TTie  second  group,  containing  the  1.33-,  1.5-,  and  2-silicates,  is  more  regular. 
The  fall  in  temperature  is  rapid,  reaches  the  single  minimum  between  8  and  12 
per  cent.  CaO,  and  is  followed  by  a  quick  rise  which  is  more  rapid  the  greater 
the  silicate  degree. 

In  Fig.  300  are  reproduced  the  curves  by  Steffe  {^oc.  cit.).  They  show  a 
greater  regularity  than  those  of  Hofman;  while  the  latter  finds  with  the  singulo- 
siUcate  the  lowest  formation  temperature  with  about  35  per  cent.  CaO,  Steffe 
finds  it  near  la  per  cent.  Furnace  practice  beats  out  the  jog  at  about  16  per 
cent.  CaO  in  Hofman's  curve,  as  well  as  the  decrease  in  the  formation  tem- 
perature beyond  12  per  cent.  CaO.    The  cause  of  this  is  not  known. 

Fig.  301  shows  the  effect  an  increase  in  the  percentage  of  SiO]  has  upon  the 
formation  of  an  iron-caldum  silicate  in  which  the  ratio  FeO  :  2CaO=3  :  i  is 
kept  constant.  Fromtheo.5-to the  1.25-silicatethereisaslight  fall  of  10"  C; 
this  fall  increases  at  first  slowly  and  then  more  quickly  until  the  minimum  is 
reached  at  1,110°  C.  with  the  2.50-  to  2.7S-silicafe;  thecurve  then  rises  quickly 
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to  1,130°  C.  with  the  3-silicate  and,  at  last,  abruptly  ascends  the  tempenlnn 
scale.  While  a  low  formation  temperature  is  desirable,  a  dag  of  the  i.yy  to 
2.75-dcgree  cannot  well  be  made,  as  it  is  too  viscous. 


Fio.  301.— Effect  of 


of  silica  upon  the  rormacion  temperature  of  a  feiro^alcicalkiic- 


The  results  of  Figs.  299  and  301  have  been  combined  by  Babu' into  a  triwiil 
diagram,  Fig.  303.  The  isotherms,  drawn  50°C.  apart,  show  a  minimuni  amid 
1,030°  C.  between  SiOj  40  to  50  per  cent,  and  CaO  5  to  15  per  cent.    AstbeCaO 


FeO 

'•&      '*       %      \      **       &     '* 

Fic  30.'. — Triaxial  diagram  of  some  fernvcalcic  silicates  (Hufman- Babul. 

increases  at  the  I'xiwnse  of  the  FeO  there  is  at  first  (1,100  to  1,200°  C.)  a  slo* 
and  then  {1,200  to  1,400°  C.)  a  quick  rise  in  formation  temperature.    The  two 
'  Op.  (it.,  p.  ^i^;  set  also  Ashley's  plot  in  Tr.  A.  I.  U.  E.,  1901,  xxi,  855,  using  an  uoKdlt 
right -angle  Iriangle. 
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large  areas  1,100  to  1,150°  C.  and  1,150  to  i,zoo°  C,  show  that  there  exists  a 
latitude  in  the  choice  of  slags  having  the  same  formation  temperatures. 

In  smelting  in  the  blast-furnace,  sub-silicates  are  not  often  made;  i-silicates 
are  most  common.  While  1.5-  and  a-silicates  are  occasionally  formed  In  blast- 
furnace work,  they  belong  rather  to  reverberatory  furnace  practice.  The  i- 
silicates  of  the  lead  smelter  are  found  in  the  neighborhood  of  the  first  minimum; 
in  copper  smelting  there  is  a  greater  freedom  of  choice  as  regards  silicate  degree 
and  replacement  of  FeO  by  CaO  on  account  of  the  smaller  danger  of  slagging 
Cu  in  the  presence  of  S  than  there  is  in  the  case  of  Pb.  Many  copper  metal- 
lui^sts  at  present  figure  AUOa  as  an  acid  and  make  bi-silicate  slags  on  this 
basis.  Sub  silicates  are,  as  a  rule,  very  fluid  and  slightly  magnetic,  the  i -silicates 
reasonably  so;  2-silicates  are  usually  rather  viscous  and  are  likely  to  carry 
uncombined  SiOj,  The  presence  of  CaO,  within  limits,  increases  the  fluidity 
of  iron  silicates. 

203.  Replacement  of  Silicate  Coi^tueots. — The  effects  of  the  replacement 
of  oxides  have  been  studied  by  Hofman'  on  a  r-silicate  containing  SiOi  32.10, 
FeO  35-90'  CaO  32  per  cent.,  forming  at  1,150"  C. 
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Fic.  303. — Effect  of  replacement  of  FcO  by  MnO. 

(i)  Replacement  of  FeO  bv  MnO,  Fig.  303. — The  formation  temperature 
is  seen  to  increase  proportionally  with  the  replacement,  rising  from  1,150  to 
1,250'  C.  The  curve  can  be  considered  as  a  straight  line,  i.e.,  no  eutectic 
mixtures  or  chemical  compounds  are  formed.  The  fluidity  of  the  slags  in- 
creases with  the  substitution  of  MnO  for  FeO;  the  color  remains  unchanged, 
and  the  luster  is  slightly  glassy;  small  particles  are  attracted  by  the  magnet. 

The  series  MnO-SiOa  has  been  studied  by  Doemickel.* 

(2)  Replacement  of  CaO  bv  MgO,  BaO,  ZnO,  Fig.  304.— Curve  I,  CaO 
by  MgO:  The  formation  temperature  of  1,150°  C.  lises  very  decidedly  from  the 
start  and  continues  to  do  so  to  1,400°  when  all  the  CaO  has  been  replaced  by 
MgO.    The  experimental  evidence  agrees  with  the  fact  noted  in  practice,  that 


*  Ua^lurfft,  1911 


1  if  in.  Ind.,  igii.XX,  484. 
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the  presence  of  MgO  in  a  charge  increases  the  fuel  consumption  in  a  blast-fur- 
nace. The  fluidity  of  the  slag  is  smaller  than  when  MgO  is  absent;  the 
grayish-black  color  becomes  lighter  with  an  increase  in  MgO;  the  luster  is 
vitreous;  the  slag  is  magnetic,  less  so  when  MgO  prevails  than  when  does  CaO. 
Curve  II,  CaO  by  BaO;  The  formation  temperature  of  1,150°  C-  is  lowered 
gradually  and  evenly,  reaching  a  minimum  of  985°  with  6/8  replacement  and 
then  rises  again  slightly.     The  presence  of  BaO  is  not  favored  in  blast-furnace 
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Fig.  304.— Effect  of  replacement  of  CaO  by  MgO,  BaO,  ZnO. 

slags,  as  its  high  specific  gravity  causes  them  to  separate  imperfectly  from 
matte.  The  slags  are  not  very  fluid,  are  opaque,  steel  gray  to  black,  have  a 
vitreous  luster  and  are  attracted  by  the  magnet,  especially  when  rich  in  BaO. 

Curve  III,  CaO  by  MgO  and  BaO:  The  refractory  character  of  MgO  is 
more  than  counteracted  by  the  powerful  fluxing  effect  of  BaO;  the  formation 
temperature  falls  uniformly  to  the  minimum  of  1,055"  C.  with  6/8  replacement 
and  then  rises  again,  but  remains  below  the  basal  line  of  1,150°  C.     While  the 
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hvmation  temperature  has  been  lowered,  the  fluidity  has  not  been  increased  as 
*hft  slags  do  not  flow  well;  the  color  remains  unchanged,  the  luster  is  slightly 
^tteous  and  the  material  is  still  magnetic. 

Curve  IV,  CaO  by  ZnO:  Some  metallurgists^  believe  that  in  a  slag  ZnO  is 
PvtscDt  as  a  silicate,  others'  that  it  is  held  in  igneous  solution.  It  has  been 
pvoved  experimentally  in  many  instances  that  nearly  all  of  the  ZnO  can  be  re- 
moved by  treatment  of  powdered  slag  with  dilute  H2SO4.  The  irregularity  of 
^ke  curve  falling  beneath  and  rising  above  the  formation  temperature  of  the  basal 
slag  seems  to  indicate  that  there  are  conditions,  not  yet  understood,  which  pro- 
mote or  obstruct  the  scorification  of  ZnO.  When  the  diflScultly  fusible  ZnSiOx' 
*s  to  be  formed,  the  formation  temperature  may  be  expected  to  rise;  when  ZnO 
^  only  held  in  igneous  solution,  it  ought  to  fall  on  account  of  the  increased  per- 
centage of  FeO  which  has  a  strong  dissolving  power  for  ZnO.  This  oxide  is 
^iDdesirable  in  a  slag,  as  it  decreases  the  fluidity;  zinckose  slags  are  opaque,  dark- 
brown  to  black,  have  a  luster  submetallic  to  vitreous,  and  are  attracted  by  the 
magnet. 

Curve  V,  CaO  by  MgO  and  ZnO:  The  curve  is  irregular;  it  corroborates 
the  practical  experience  of  smelting  men  that  MgO  and  ZnO  together  intensify 
the  undesirable  properties  of  each  other.  The  fluidity  varies,  the  least  visdd  is 
the  slag  in  which  about  1/2  of  the  CaO  has  been  replaced.  The  slags  are 
opaque,  the  color  is  steel-gray  to  black,  the  luster  submetallic  to  vitreous;  they 
are  attracted  by  the  magnet. 

Curve  VI,  CaO  by  BaO  and  ZnO:  The  curve  is  smooth,  the  irregularity  of 
the  ZnO  curve  having  disappeared,  the  general  trend  is  similar  to  that  of  the 
BaO  curve,  only  the  temperatures  lie  somewhat  higher.  The  slags  do  not  flow 
readily,  they  are  opaque,  the  color  ranges  from  steel-gray  to  brownish-black,  the 
luster  is  submetallic  to  vitreous,  the  magnet  attracts  slags  rich  in  CaO  more 
decidedly  than  when  rich  in  BaO  and  ZnO. 

Curve  VII,  CaO  by  MgO,  BaO  and  ZnO:  Again  the  curve  is  smooth,  the 
rise  and  fall  of  the  MgO-ZnO  curve  have  been  eliminated  by  the  addition  of  BaO; 
the  refractory  effect  of  MgO  is  seen  by  comparing  curves  VI  and  VII. 

Curves  I-VII  show  that  Plattner's  statement  "the  formation  temperature  of 
a  silicate  slag  decreases  with  the  number  of  bases"  has  no  general  application. 

204.  Rdle  of  Alumina  in  Iron-Calcium  Silicates. — The  influence  of  AI2O3 
upon  the  formation  and  melting  temperatures  of  ferrous  slags  made  in  smelting 
lead,  copper,  nickel,  and  other  similar  ores  is  of  less  importance  than  of  the  non- 
ferrous  slags  made  in  the  iron  blast-furnace;  nevertheless  occasions  arise  not  in- 
frequently when  its  presence  has  to  be  considered.     It  is  difficult  to  fix  the  status 

*  lies,  School  Min.  Quart.,  1897-98,  xdc,  197;  also  *^L€ad  Smelting,"  Wiley,  New  York,  1902, 

Hutchins,  Eng,  Min,  J,,  1903,  ixxvi,  959. 
Bretherton,  Eng,  Min,  J,,  1908,  lxxxvi,  483. 
Bartlett,  Min,  Ind.,  1896,  v,  629. 

*  Austin  in  "Pyrite  Smelting,"  Eng.  Min.  J.,  New  York,  1905,  p.  205. 

'ZnSiiOa  melts  at  1,479"  C.;  Zn2Si04  at  1,488°  C;  Stein,  Zl.  anorg.  Chem.,  1907,  lv,  159, 
meftsarement  with  Wanner  pyrometer. 
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of  AljOj,  as  with  an  excess  of  Sid  it  may  play  the  rAle  of  a  base  fonning  aluni- 
num  silicate,  and  with  an  excess  of  base  that  of  an  acid  forming  an  aluminitt 
(spinel).  The  conditions  under  which  one  or  the  other  takes  place  have  Dot 
been  definitely  settled.  Most  iron  blast-furnace  men  and  many  copper  nxtil- 
lurgists  consider  AljOa  as  an  acid  and  figure  their  charges  accordingly;*  Hcmicli' 
does  the  same  for  ferrous  slags.  The  opinions  of  many  lead  and  copper  meUl- 
lurgists'  differ  as  to  the  conditions  according  to  their  several  eipemicK 
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PropotUon  of  Skur  CoDidtiwDti 

—Effect  of  replacement  of  slag- 


by  Alrf),. 


Austin*  holds  that  AlaOj  is  indifferent  with  slags  up  to  SiOi  36  per  cent.,  bong 
held  in  igneous  solution  and  acting  as  a  stiffening  ingredient,  while  with  Mgher 
percentages  of  SiOj  it  acts  as  a  base.  The  opinions  of  Mathesius'  and  Johnson' 
fi)r  iron  blast-furnaces  are  similar.  The  laboratory  experiments  of  Hofman,' 
represented  in  Fig.  305,  give  some  evidence  upon  the  subject  by  repladng  tlit 
constituents  of  a  ("basal")  slag,  severally  and  together  by  AljOi- 

Curve  I,  SiOj  by  AUOs:  This  replacement  raises  the  formation  tempeiatuit 
of  the  basal  slag  in  an  increasing  ratio.     The  slags  show  lack  of  fluidity,  are 

I  /Cifj.  Arin.  J.,  igoi,  vaxvt,  170  (Shelby),  483  (Brelherton),  730  (Koch),  titt  (Hoopet), 
JlfM  rshrll.y). 

'  Op.  tit.,  iKSfi,  XI.U.  40,  128,  240;  1890,  L,  744. 
'  Iliihn,  Attn.  Krs.  U.  S.,  1882,  [i.  328, 

Jli^i,  lip.  dl.,  188.184,  [1.  433,  also  "Lead  Smelling,''  Wiley,  New  York,  1903,  p.  iij- 

Srhtu'l-ler,  Tr.  A .  /,  M.  K.,  1883,  xr,  57. 

ll.iwc.  i:«g.  Min.  J.,  1883,  x-wi,  306, 

IV1.T1,  ibid,  1.12. 

-Semi',  ihUl..  323. 

Hi.fman.  "J.e.nl."  Scientific  Publ.  Co.,  New  York,  i88g,  288. 

*  /-Jug.  Min.  J.,  1004,  ijixvnt,  253. 

'.V/.iA/  u,  /Ci'.iCM,  lyoH.  WVIU,  1121. 

•  Tr.  A.  I.  M.  !■:..  igii.XLiv. 
'7>.  A.  I.  it.  K..  iS9s>,  XXIX,  717. 
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opaque  and  have  a  color  ranging  from  dark-gray  to  black,  the  luster  is  dull 
to  slightly  vitreous,  and  the  smaller  the  substitution  the  greater  is  the  at1 
live  power  of  the  magnet.^ 

Curve  II,  FeO  by  AljOj:  The  formation  temperature  is  little  changed  up 
a  substitution  of  3/8  of  the  FeO  and  then  rises.  The  slags  are  fairly  fluid,  es- 
pecially those  with  a  substitution  of  3/8  to  1/4  of  the  FeO;  they  are  opaque, 
the  color  ranges  from  dull-brown  to  dark-gray,  the  luster  is  slightly  vitreous; 
they  are  magnetic. 

Curve  III,  CaO  by  AljO*:  The  formation  temperature  sanks  below  that  of  tl 
basal  slag  and  remains  lower  until  3/4  of  the  CaO  has  been  replaced,  when  H 
rises  suddenly.  This  shows  that,  within  limits,  figuring  AliOs  as  replacing  CaO 
in  a  slag  is  a  Justifiable  proceeding;  MgO  may  not  be  substituted  for  CaO,  as 
MgO  and  AI3O3  are  incompatible  (Vogt).  A  combination  of  curves  I  and  III 
suggests  that  if  part  of  the  SiOj  and  CaO  are  replaced  by  AljOj,  the  formation 
temperature  will  remain  unchanged,  a  proceeding  which  is  very  common  in 
smelting  highly  aluminous  lead  ores. 

Curve  IV,  FeO  and  CaO  by  AiaOj:  The  curve  is  very  irregular  and  suggests, 
that  this  dual  replacement  has  no  justification  in  practical  smelting;  similarly 
ZdO  may  not  be  figured  in  a  slag  as  replacing  AltOj  (Vogt). 

Melting-points  of  Silicatks, — The  following  melting-points  of  silicates 
by  Stdn'  taken  with  a  Wanner  pyrometer  are  of  interest.  Several  of  them  do  not 
agree  with  more  accurate  determinations  given  in  other  parts  of  tliis  treatise. 
The  data  in  deg,  C.  are:  quartz  viscid  at  1,600,  fluid  at  1,750;  MgSiOi  1,565; 
CaSiOi  i,sij;  FeSiOj  1,500-1,550;  MnSiOj  1,470-1.500;  ZnSiO*  1,479;  SrSiOi 
1,287;  BaSlOj  1,368;  jMgO.SiOj  <  1,000;  2ZnO.SiOi  1,488;  aSrO.SiO,  1,593; 
aBaO.SiO;  1,600-1,000.  Data  for  NasSiOs  with  other  silicates  are  furnished 
by  Wallace,"  Kultaschefl,'  Van  Klooster.* 

305.  Non -silicate  Slags .^ — These  slags,  as  stated  in  §191,  are  composed  either 
of  a  metallic  oxide  and  an  add  other  than  SiOi.  such  as  PiOs,  SO],  BiOi,  SbjOi, 
AsiOt,  TiOi,  etc.,  or  of  one  or  more  oxides,  such  as  PbO,  CaO,  FetOj,  MniOa, 
AliO),  etc. 

Pure  non-silicate  slugs  are  hardly  ever  formed  in  metallurgical  practice. 
Usually  the  non-silicate  slag  is  a-ssociated  with  a  silicate  slag.  The  general 
object  of  forming  a  non-silicate  slag  is  to  free  a  metal  produced  in  a  smelting 
operation  from  haimful  elements  by  means  of  fluxes.  These  elements,  which 
become  o.\idized  in  the  purifying  or  refining  process,  furnish  the  acid,  or  oxide, 
which  combines  with  the  flu.xing  base.  The  more  suitable,  therefore,  the 
working  conditions  for  the  oxidation  of  the  impurity,  for  the  union  of  the  acid, 
or  oxide,  with  the  fluxing  base,  and  for  the  mutual  solubility  of  the  non- 
silicate  and  the  silicate  slags,   the  more  successful  will  be  the  purification 


duU I 

.trac^^^M 

uptd^^l 


I 


'  Shelby,  FejO,  in  slags.  £»(.  Min.  J., 
*  Zt.  an»fg.  Chem.,  igo?.  lv,  isq. 
'Zl.  anmt.  Chm.,  19^9.  Lxm,  1. 
'  Of.  eil.,  1903.  xxjtv,  187. 
*0f.  til.,  igto,  txtx,  iti,  tis- 
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of  the  metal,  provided  that  the  amount  of  slag  formed  is  sufficiently  large  m 
proportion  to  the  metal  to  be  refined. 

(i)  Dephosphorization  AND  PHOSPHATE  Slags.' — The  efiFects  of  P  upon 
the  physical  properties  of  industrial  iron  are  of  vital  importance;  FeiP  is 
readily  soluble  in  iron,  but  practically  insoluble  in  slags.  In  order  to  remove? 
from  iron  it  has  to  be  oxidized.  This  is  readily  accomplished  at  temperatures 
below  1,300**  C.;  above  this  temperature  P2O6  is  likely  to  be  reduced  by  C,Mn 
and  Si.  New  PjOs  is  readily  soluble  in  basic,  and  practically  insoluble  in  add, 
slags.  According  to  Griiner,*  30  per  cent.  SiOj  is  the  upper  limit  at  which  a 
slag  will  take  up  PjOs.  The  lower  the  temperature  of  the  oxidizing  fusion,  and 
the  more  basic  the  slag,  the  more  complete  w^ill  be  the  oxidation  of  P  by  0, 
COj  FexOy  and  its  elimination  from  the  metal.  The  addition  of  CaFj  aids  the 
removal  of  P,  as  it  renders  fusible  a  basic  slag  at  a  temperature  at  which  it 
oihcnnse  could  not  be  melted  (seep.  432).  According  to  the  prevalence  of 
FeO  or  CaO  as  base  two  phosphate  slags  have  to  be  considered. 

In  puddle  cinder  and  in  the  slag  formed  in  the  Bell  and  Krupp  pig-washing 
Processes,  in  all  of  which  FeO  is  the  leading  base,  P  is  present  as  3FeO.  PjOs 
=FejPjO»'  (Mn^PjO*^;  the  tri-basic  phosphate  being  held  in  solution  by 
xht  basic  iron  cinder  which  contains  15  to  25  per  cent.  Si02+P206,  the  rest  being 
saisJv  YtjC^  ^MaxO,\  the  P  content  ranges  from  i  to  5  per  cent. 

IQce&stcck^  showed  that  in  the  slags  of  the  basic  bessemer  and  basic  open- 

Vtirh  rfvv<^?se5   F-Oj  was    combined    with   CaO  to  4CaO.P206  =  CaiPjOi 

iij^  i>V--<  SfTn^^rdl  cr\-5tals.*    Here  the  tetra-basic  phosphate  is  dissolved 

n  -be  *r*i52C  ^.■'-i"*''^^^  silicite  containing  Si05+P206  12  to  30  per  cent.,  CaO  (+ 

1. '  >   :  -  :o  %c  r<r  c^r.t..  the  rest  being  mainly  FeO  with  some  MnO.    The  PA 

^  '  ^^1  ^.;  ivtslv  bcjssemer  slags  reaches  18,  of  basic  open-hearth  slags  pyerhaps 

r!ll' J^"      \-v^hcr  cv^mix^und,  4CaO.P2O6+CaO.SiO2  =  Ca4P2O9+Ca.Si0,, 

!  '    r^  v'-^  -x^cvvMr.ic  cr\stals,  has  been  recognized  by  Stead  and  Risdale.* 

w-u^  '.  -.^  <r-v-v<  irx?  thv>se  of  Matweieff ,  Blome,  Steinweg  and  Van  Kloaster.' 

'^vys:-  •  r«vK:r  vTioN  BY  Meaxs  OF  Slag.* — Vogt  has  shown  that  the  S* 

/v'    ■«--i  ^  J**c  iv>  the  presence  of  simple  sulphides  (CaS,  MnS,  FeS, 

^^.  ^  ,.„  •. .  ^ , ..  .^^  ^''^-  ''\^0^  ^^ 

v*c»         -*-  -^ *"* 

^.      v^:    -^^s^^  VvT^achsanst,  1SS3,  p.  284;  or  Wcdding-Phillips-Prochaska, 
"^^'''^^^,.^/:VN^^  •  V;-^   Mi'^-  J-  >^>^-  ^'^'^^^  '891,  p.  151. 

•     >CxNN^***i'        ^.  ,'.-.  ;XN4.  I>»  141. 

••^   ^  *"*      '^,  S;,. ;,,»•, ^<hr.tol;kviungrn;'  Dybwad,  Christiaiiia,  1903-04,  VoL  I, 
y^K^  ^    *    .^vc  u  ^^4i  *lso  SiM  n.  Eisen,  1902,  xxn,  387,  432. 
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ZnS,  MgS;  CusS  Is  insoluble^y  and  that  the  sulphides  separate  first  when  the 
molten  slag  cools,  proving  that  the  solution  of  sulphide  in  molten  slag  is  approx- 
imately saturated.  Analyses  of  slags  show  that  they  contain  at  most  2.5  to 
3  per  cent.  S,  hence  the  solubility  of  S-ide  in  slag  at  ordinary  temperature  is 
small.  The  capacity  of  a  slag  to  absorb  S-ide  increases  with  its  temperature  and 
basidty,  and  varies  with  the  character  of  the  bases.  In  the  hon  blast-furnace 
FcS  (MnS)  go  into  the  pig  iron,  and  CaS,  MnS  and  FeS  into  the  slag.  As  C, 
Siy  Mn  and  P  diminish  the  solubility  of  S-ide  in  pig  iron,  and  as  CaO  and  MnO 
increase  its  solubility  in  slag,  the  higher  the  content  of  C,  Si,  Mn,  and  P  in  the  pig 
and  the  higher  that  of  CaO  and  MnO  in  the  slag,  the  more  S-ide  will  the  latter 
be  able  to  dissolve.  In  a  matting  furnace,  the  matte  dissolves  less  than  i  per 
cent  slag;  the  bases  FeO  and  ZnO  are  favorable  to  the  solution  of  S-ide  in  the 
ferrous  slag.  In  smelting,  beside  fulfilling  the  preceding  conditions,  it  will  be 
necessary  to  make  a  large  amount  of  slag  if  a  considerable  quantity  of  S-ide 
is  to  be  taken  up  by  it.  Between  the  dissolving  power  of  pig  iron,  or  matte, 
and  of  slag  in  contact  with  it,  there  will  be  established  an  equilibrium,  i,e,,  the 
S  will  be  distributed  between  the  two  at  a  constant  ratio  which,  as  has  been 

shown,  depends  upon  the  composition  of  the  products  and  the  temperature. 

c  *      1 

Jliptner*  has  calculated  the  coeflScients  of  distribution  ^r-. r-, — ^ — 7  for 

S  m  metal  product 

pig  irons,  basic  bessemer  and  open-hearth  steels,  and  for  mattes. 

Desulphurization  of  pig  iron  by  Mn  in  the  mixer,  of  steel  by  calcareous 
slags  and  fluxes  in  the  basic  bessemer  and  open-hearth  steel  processes  belong 
to  a  metallurgy  of  iron  and  steel. 

(3)  Other  Non-silicate  Slags. — Sulphates  (§77)  and  borates*  are  formed 
practically  only  in  the  dry  assay  of  ores;  antimonate,  arsenate  with  some  stan- 
nate  of  lead  are  collected  as  intermediary  products  in  the  refining  of  argenti- 
ferous lead,  but  nothing  is  known  about  their  constitutions.  The  formation 
temperatures  of  some  silicotitanates  of  Ca  and  Al  with  as  much  as  14  per  cent. 
TiOi  have  been  investigated  by  Lennox  and  Cox.*  They  were  found  to  lie 
between  1,270  and  1,350°  C;  this  evidence  supports  the  conclusions  arrived  at 
by  Rossi*  in  his  experiments  of  smelting  titaniferous  iron  ores. 

2o6,  Oxide  Slags. — Until  recently  very  little  was  known  about  these  slags, 
and  much  remains  to  be  done  to  clear  up  obscure  points.  Plumbates  of  alkali, 
Pb(0K)2  and  Pb(0Na)2,  of  silver  Pb(0Ag)2,  have  been  prepared  in  the  wet  way. 
Whether  the  igneous  solutions  of  CaO  and  other  alkali  earths  in  an  excess  of 
fused  PbO  enclose  plumbates*  remains  to  be  seen. 

^  Wanjukofif,  Metallurgies  191 2,  DC,  i,  48. 
*Loc,  cit. 

•  Guertler,  Zt,  anorg.  Chem.^  1904,  xl,  268,  337. 
Van  Klooster,  op,  cit.,  1910,  lxdc,  122. 

*  Colo.  College  Publication,  Colorado  Springs,  Colo.,  1906,  Engineering  Series,  Vol.  i,  p.  i. 
Smolenskiy  Bi-Titanatcs  and  Bi-Silicates,  Zt,  anorg,  Chem.y  191 1,  Lxiii,  293. 

•  Tr.  A,  L  M.  £.,  1892-93,  xxi,  832. 

*  Borchers,  MetaUurgie,  1905,  n,  i. 

Le  Chatelier,  Compt.  Rend.,  1893,  cxvii,  109. 
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It  is  known  that  sesqui-oxide  bases,  RiOs,  can  enter  into  combination  with 
monoxide  bases.  Stead  and  Risdale*  recognized  a  compound  CaO.Al,0*; 
Boudouard*  found  the  same  compound;  Shepherd-Rankin- White'  traced  in  part 
the  equilibrium  diagram  of  the  CaO-AljOj  series,*  shown  in  Fig.  306,  and  found 
four  compounds  and  three  eutectics.  Starting  from  the  left  (the  CaO)  side 
of  the  diagram:  the  compound  3CaO.AIs03  begins  to  be  decomposed  at 
1,530°  C,  the  compound  sCaO-sAljOj 
melts  at  1,386°  C,  and  CaO.Al,Oj  at 
1,587°,  while  3Ca0.5AliOa  is  decomposed 
at  1,710°  C.  The  eutectic  aCaO.AUO*— 
sCaO.AliOa  with  47,6  per  cent.  AljOi  freezes 
at  1,385°  C;  the  eutectic  sCaO.AltO,- 
CaO.AljO)  with  54.8  per  cent.  AUOj  freezes 
also  at  1,385°  C;  the  eutectic  CaO.AIiO*- 
3Ca0.sAljOi  with  67  per  cent.  AltOi  freezes 
■  at  1,575°  C.  The  spinel  CaO.AliOi  is 
found  in  blast-furnace  slags  and  zinc  re- 
torts ^  Duface'  as  well  as  Shepherd-Ran- 
kin'  have  identified  MgO.AIiOj;  Bourgouis* 
has  done  the  same  for  MnO.jAIaOa  and 
MnO.MnjOj. 

Stead-Risdale*  recognized  3CaO.FeiOj 
and  CaO.Fe,0».  HoCman-Mostowitsch'" 
prepared  CaO.FesOjC?)  from  CaSO«  and  FejOj  and  found  it  a  ruby-colored 
crystalline  substance  which  sintered  at  1,200,  fused  at  1,230  and  was  com- 
pletely liquefied  at  1,250°  C.  The  series  CaO— FejOj  has  been  investigated 
by  Kohlmeyer-Hilpert."  The  equilibrium  diagram.  Fig.  307,  shows  two  hidtfen 
chemical  compounds,  aCaO.iFejOj  and  iCa0.4Fe503;  two  compounds  with 
well-defined  melting-points,  3Ca0.2FeiOj  and  zCaO-sFejOj;  and  an  eutectic 
3CaO.2FejOa-2CaO.3Fe.Oj  which  corresponds  to  iCaO-iFejOj,  the  mixture 
examined  by  Hofman-Mostowitsch. 

A  barium  ferrite  has  been  prepared  by  Mostowitsch. "    Zinc  ferrite  is  dis- 


'J.  I.  andSi.  I.,  1887,1,  212. 

'Op.  cii.,  it)os,  I,  339. 

'  Am.  J.  Sc.,  1909,  Kjn'tn,  293;  J.  Ind.  Eng.  Ckem.,  i 


i;  Stahl  u.  Eisen,  igic 


*  Scholt,  O. ,  "  Kalkailkate  und  Aluminate,"  Doctor  dissertation,  Hcjdi-lberg,  1906. 

•  Sulzner-Sehulze,  Berg.  HiUUnm.  Z.,  1881,  XL,  145,  150. 
'  /.  Pkarm.  Chim.,  1901,  xn',  35. 


•  Tr.  A.  I.  M.  E.,  1908,  xxxK,  645. 

"  Melalliirgie,  1910,  vri,  194,  125. 

"  UtIaUurgie,  1909,  vi,  450;  Eng.  Min.  J.,  1909, Lxxxvni,  601. 
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cussed  by  Hotman,'  Wells,*  Burleigh,*  Lindt,*  Copper,  lead  and  ferrous  fer- 
liteshave  received  some  attention.  The  review  of  the  subject  by  Kohlmeyer' 
is  timely  on  account  of  the  importance  of  these  compounds  and  their  former 
ne^,  as  is  the  microscopical  investigation  of  MatweiefF.* 
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Fic.  307. — Equilibrium  diagram  of  lime-ferric  oxide  series. 

207.  FluidiQr.' — The  degree  of  fluidity  desired  in  a  slag  depends  upon 
the  kind  of  furnace  in  which  the  slag  is  produced,  and  upon  the  necessity 
of  a  good  separation  of  metal,  or  spcise  and  matte,  from  the  slag.  If  the 
slag  is  to  be  poured  from  a  crucible  or  tapped  from  a  blast-furnace,  it  must  be 
more  fluid  than  when  it  is  raked  out  from  a  copper  reverberatory  furnace  or 
from  a  basic  open-hearth  steel  furnace.  The  separation  of  metal  (speise  and 
matte)  is  not  so  perfect  from  a  slag  that  is  viscid  as  from  one  that  is  fluid; 
nevertheless,  as  long  as  the  difference  in  specific  gravity  is  sufficient,  viscous  slags 
made  in  some  reverberatory-furnace  smeltings  often  give  satisfactory  economic 
results.  In  order  to  become  fluid,  most  slags,  when  formed,  have  to  be  brought 
to  the  flowing  or  working  temperature,  and  this  lies  some  100°  C.  above  the  melt- 

'  Tr.  A.  I.  M.  £.,  190s,  XXXV,  856. 
'  Eng.  Min.  J. ,  190S,  Lxxxi'i,  4aa 

•  Eltitrockem.  Ind.,  1904,  II,  355. 

•  Metailurgic,  1909,  vi,  409,  7^5. 

•  Melaliurgie,  1910,  vii,  289. 

•  jfCT.  ua.,  1910,  VII,  848. 

'Grdner,  E.,  "ViscoutSt  in  Silicatschmelzen ,"  Doctorate  dJssertalioD,  Jena,  1907. 
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ing  temperature  of  the  metal  or  metallic  compoynd  that  is  to  be  produced  in 
smelting.  If  it  lay  below,  the  slag  would  become  liquefied  before  the  desired 
chemical  change  in  the  charge  to  be  reduced  had  been  completed.  Systematic 
ejqxriments  on  fluidity  have  not  been  made.  An  apparatus  for  this  purpose 
has  been  suggested  by  Johnston.^  In  the  discussion  of  fusibility  (§194  and  id- 
lowing^  the  fluidity  of  the  different  slags  has  been  noted.  In  general,  add 
5lji^  AH^  viscous,  basic  slags  fluid  as  long  as  the  basic  character  of  the  slag 
i<  n^^l  Uh)  pronounced  as,  e.^.,  with  basic  open-hearth  slags  with  <  25  per 
hV^iI.  Sil^i+PfOs.  A  viscous  slag  passes  through  a  more  or  less  pasty  stag( 
>»^srv  it  solidifies;  a  fluid  slag  passes  quickly  from  the  liquid  to  the  solid 

mS«  Texture. — The  texture  of  a  slag  depends  upon  its  chemical  composi- 
^^s^  Aiul  the  manner  of  cooling.    It  may  be  vitreous,  porcelanic,  stony,  or  crys- 
^^lU^^x     Acid  ferruginous  slags  and  slags  from  the  charcoal  iron  blast-furnace 
^«^w  ^  vitreous  texture  when  cooled  quickly,  a  porcelanic  when  slowly.    The 
UMvi\  if  low  in  Fe  and  Mn,  swell  up  to  a  pumice-like  mass  when  sprayed  with 
v^\^tv(\     HuhIc  slags  rich  in  alkaline  earths  have  a  stony  texture,  be  they  cooled 
v1\aU  klv  or  Hlowly ;  such  slags  containing  about  45  per  cent.  CaO  and  little  Al]Oi 
^kU  \li«intrgrutc  quickly  when  exposed  to  air  on  account  of  the  CaS  bdng 
v^\^\Ua^hI  by  (),  CO2  and  HjO.    A  crystalline  texture  is  not  uncommon  with 
tt.4j£«  i(^i\^tng  from  the  i-  to  the  2-silicate  degree;  slags  of  a  higher  silicate  degree 
\M\'\s  *h4»w  any  crystalline  texture,  and  if  of  a  lower  degree,  only  when  they  are 
\i\\\  ill  V\<),     Ferrous  slags  containing  AI2O3  are  likely  to  be  vitreous. 

4iH).  Specific  Gravity. — ^The  specific  gravity  of  slags  varies  mainly  with  the 
s  K.ii.u  Wx  K\i  the  bases.  It  may  be  as  high  as  5  ^ith  basic  ferruginous  slags;  3 
I*  ^  uMiinion  figure  for  iron  blast-furnace  slags;  it  may  reach  2.5  if  the  CaO  is 
ivi'lauMl  to  sonic  extent  by  MgO.  With  the  ferro-calcic  silicates  of  the  lead 
;>uivlu^i  u  idmnion  range  is  3.4  to  3.6;  copper  smelters  in  treating  pyritic  ores 
s»Hvu  iiiiikc  heavier  slags. 

410,  Color.  -This  varies  greatly;  some  slags  are  white,  others  black,  others 
4tii*Uh  itMJ,  brown,  green,  blue.  Slags  with  alkali-earth  bases,  such  as  iron 
\iUx>\  tiiniuce  slags,  are  gray;^  the  presence  of  a  small  amount  of  FeO  gives  them 
4  mi'iiiiftli  tinge,  large  amounts  of  FeO  and  FeS  make  them  black.  The  femi- 
^iiiitUi)  blii^s  of  the  lead  and  copper  smelter,  as  a  rule,  are  a  brownish-black;  CujO 
iiuiKia  tAw^ti  rrddish-brown,  MnO  yellowish-brown;  the  combined  presence  of 
VkS  »  iihtl  MiiO  yellowish-green;  in  the  presence  of  MnS  bluish  tints  have  been 

•  ih.>t  1  \ ill  ill  hliigs  with  little  FeO  and  much  MnO;  Ti02  is  said  to  give  a  bluish 

I  lilul 

411.  Hardness.     This  varies  much  with  the  rate  of  cooling.     Chilled  vitre- 

•  <ii.)  .1.1^3  i»i«*  l*"^**  hard  than  slags  that  have  been  cooled  down  slowly. 

«  t  liilimhtm    Met.  I  ml.,  igo6,  iv,  262. 

•  ILiipl  I  unHi-i  MrinsiuT,  Ofst.  Zt.  Berg.  Hiittenw.,  1909,  LVII,  709,  727,  746,  762. 

I  1. 1... 1.1 1,  «'/'  '//  ,  igio,  LViii,  75,  91,  104,  122,  141,  158,  169,  186. 

|l>i...  itti,  II,  "  lilncnhochofcnschlackcn,  ihre  Eigcnschaften  und  ihre  Vcnrendung/' 
i«ii>(|(|f   Hull*-,  iu<  ^ 
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313.  specific  Heat,  Latent  Heat  of  Fusion,  Heat  of  Fonnadon.— The 
specific  heats  of  iron  blast-furnace  slags  have  been  found  by  Akerman'  to 
between  0.39,  the  specific  heat  of  the  more  readily  fusible  slags,  and  0-33,  the 
specific  heat  of  the  less  readily  fusible  slags.  The  latent  heats  of  fusion^  have 
been  found  to  range  from  73  to  120,  averaging  perhaps  95  cal.  Very  few  data 
exist  for  the  femigiiious  slags  of  the  lead  and  copper  smelter.  Richards'  gives 
0.20185+0.0000302  1°  C.as  the  mean  specific  heat  of  a  copper  blast-furnace  slag 
SiOa3S-S.  Fe0  3().7,  MnO  1^,  CaO  11.4,  MgO  2.7,  Al^Oa  9.2,  CuO  0.42,8  0.42; 
theactualspecificheatat(°C.  is  then  0.20185-1-0.0000604/,  which  at  its  melting- 
point  of  1,114"  C. =0.269.  He  determined  the  latent  heat  fusion  as  40  cal. 
Vogt*  gives  85  cal.  as  the  latent  heat  of  fusion  of  a  fayalite  (FciSiO«)  slag 
The  heat  of  formation  from  constituent  oxides  has  been  given  in  Table  57. 

213.  Economic  Use  of  Waste  Slags. — Many  attempts,  more  or  less  success- 
ful, have  been  made  to  utilize  waste  slags  for  industrial  purposes  in  view  of  the 
large  amount  of  space  that  has  to  be  provided  to  store  them,  and  the  increasing 
distances  over  which  they  have  to  be  hauled  to  reach  the  edge  of  the  dump. 
Except  for  the  manufacture  of  slag-wool  and  slag-cement  from  suitable  iron 
blast-furnace  slags,  the  main  economic  use  of  slags  has  been  in  the  line  of 
building  materials.  Slags  from  lead  and  copper  furnaces  are  sometimes  cast 
into  the  forms  of  bricks,  blocks,  tiles,  etc.;'  they  must  be  acid,  as  otherwise 
they  crack;  further  they  ought  to  be  cooled  slowly  (annealed)  so  as  to  lose 
their  glassy  texture  and  brittleness,  and  become  strong  and  tough.  The  manu- 
facture of  cast  blocks  from  iron  blast-furnace  slags  has  not  been  success- 
ful, but  granulating*  basic  blast-furnace  slag,  drying,  grinding,  mixing  with 
lime  to  bring  the  lime  content  to  about  ^o  per  cent.,  and  molding  by  machinery 
into  bricks  is  an  established  industry.'  Both  ferrous  and  non-ferrous  slags  of  a 
strong  or  crystalline  texture  are  utilized  for  macadamizing  roads  and  ballasting 

'5/aW  u.  Eisen,  1886,  vi,  381,  387. 

*  Vogt,  ''Silical9chmelil6sungen,"  Vol.  11,  p.  65. 
■  Eieclrachem.  Met.  Ind. ,  1907,  v,  266. 

«  LiX.  eil. 

•Peters,  E.  D.,  "Modern  Copper  Smeltins,"  Scientific  Publ.  Co,  New  York,  1895,  p  14*. 
Hofman,  H.  O.,  "Metallurgy  o(  Lead,"  Scientific  PubL  Co.,  New  York,  1899,  p,  361. 
Egleston,  School  Uin.  Quart.,  1890-91.  xii,  :89. 

Kktte,  Zl.  Bert-  BiUtat.  Sal.  Wesen.  i.p.  1891, XL,  501;  B«f|.  Ha/lwtm.  Z.,  1893,  m,  ija 
Lang,  Eng.  Min.  J.,  1907,  ucxxiii,  567,  1340;  Clements,  ibid.,  p.  775. 
Wilder,  ibid.,  p.  1153;  Lxxxtv,  673  (Wagner-Primrose);  1909,  Lxxxvni,  916  (Lang);  1910, 
LXXXDC,  joi,  696  (Wethey);  Uin.  Set.  Press,  1907,  Lxcvi,  305  (Smith),  553  (Hhoo);  1908, 
xcvn,  314  (Ross). 

*  Air  Granulation  at  Buderus  Works,  Iron  Age,  igii,  xc,  tiij. 
'  Eckel,  E.  C,  "Cements,  Limes  and  Plasters,"  Wiley,  New  York,  1905,  pp.  675-689, 

Zsigmocdi,  Dingier  Pol.  J.,  1893,  cclxxxiv,  t.ij. 

SlaU  u.  Eiirn,  1897,  xvn,  991;  Bag.  Win.  J.,  1898,  utv,  314. 
Wittc,  Thonirti.  Z.,  1897,  xxi,  468. 
Meyer,  op,  eil.,  1899,  xxni,  153. 
Editor,  ofi.  eil,,  :9o6,  x."cx,  1351. 
R.,  Berg.  HulltHm.  7..,  1896,  lv,  343. 
Bdmhacker,  Bug.  Min.  J.,  1898,  utv,  460. 
Wttethousc,  £«(.  Mat.,  '909.  xxx\u,  361. 
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aluminothermic  process  of  Goldschmidt.^  Here  Al  in  a  more  or  less  finely 
divided  state  is  mixed  with  the  metallic  oxide  to  be  reduced  (and  perhaps  some 
flux  added  to  retard  the  reaction)  and  charged  into  a  crucible  lined  with  M|P. 
A  fuse  consisting  of  a  mixture  of  finely  divided  Al  and  BaOs  is  placed  on  top  and 
ignited  either  by  a  Mg  ribbon  serving  as  a  fuse  or  more  simply  by  a  match.  Tk 
heat  set  free  by  the  oxidation  of  the  Mg,  viz.,  Mg+0  =  MgO+ 197,000  oL, 
brings  the  primer  to  the  reaction  temperature  (3BaO2+2Al2=3BaO+Ali0i+ 
356,000  cal.);  this  excess  heat  starts  the  reaction  (taking,  e,g,^  FesOs  as  oxide: 
Fe203+2A1  =  Al203+2Fe+ 197,000  cal.)  at  one  point  of  the  charge  which  is  suf- 
ficiently exothermic  to  go  on,  not  only  without  any  external  heating,  but  to  fuse 
the  resulting  AUOa  and  reduced  metal,  the  calculated  temperature  with  Fc 
reaching  2,694**  C*  The  process  is  well  suited  for  reducing  refractory  mctalBc 
oxides  (Mn02,  Cr208,  Ti02,  etc.)  and  producing  a  metal  free  from  C.  It  has 
further  found  application  in  welding,  soldering  and  annealing  in  places  where  it 
is  not  convenient  or  possible  to  use  other  methods  of  heating.  Striking  examples 
are  the  welding  of  steel  rails  in  place  and  the  patching  of  large  iron  and  steel 
castings.    Metallic  sulphides  are  completely  decomposed  by  Al.* 

(2)  SuLPraDES  AND  ARSENIDES. — Metallic  S-ides  and  As-ides  are  conmonly 
given  an  oxidizing  roast  to  convert  them  into  oxides  before  they  are  subjected 
to  a  reducing  fusion.     In  some  cases,  however,  they  are  smelted  raw  (direct)  or 
after  an  imperfect  roast  which  has  left  unaltered  some  of  the  original  S-idc  or 
As-ide.     The  reducing  fusion  then  becomes  a  sulphurizing,  or  arsenizing  opera- 
tion in  which  the  metals  are  collected  in  a  matte,  or  a  speise,  in  the  order 
of  their  affinities  for  S  or  As.     In  the  presence  of  an  excess  of  one  metal  («.g., 
Fe)  that  has  a  stronger  affinity  for  S  or  As  than  another  {e.g.,  Pb)  and  a  cor- 
responding lack  of  S  or  As,  the  second  metal  will  be  set  free  in  the  metallic  state 
(precipitated).     Common  examples  of  metal  acting  as  a  reducing  agent  are 
the  decomposition  of  PbS,  PbarAs,  SboSa  and  of  HgS  by  means  of  Fe.    The 
Fournet-Schiitz  series  (§60)  and  the  heats  of  formation  of  metallic  S-ides,  Table 
30,  and  As-ides,  Table  36,  give  the  facts  regarding  the  affinities  of  metals  for  S 
and  As. 

^  Hofman,  Tech.  Quart.,  1902,  xv,  loi,  with  cross-references. 
Caldwell,  Iron  Trade  Rcv.y  Oct.  8,  1903,  p.  54. 

Gold  Schmidt,  Zt.  Elcctrochcm.y  1903,  DC,  858;  Klcctrochem.  Ind.,  1903,  i,  527,  534;  Beri 
nuttenm.  Z.,  1903,  LXir,  571;  1904,  lxiii,  611;  Afelallurgic,  1905, 11,  33;  7.  Frankl.  InsL,  1905 

CLX,    187. 

Mathcsius,  Slahl  u.  Risen ^  1903,  xxiii,  925;  Iron  Age,  Sept.  10,  1903,  p.  8. 

SchoU,  Elecirochem.  Ind.,  1903,  r,  175. 

Stytz,  /.  Frankl.  Inst.,  1904,  CLVii,  241. 

Watts,  FAectrochem.  Met.  Ind.,  1905,  in,  372. 

Hulbcrt,  Iron  Age,  1911,  Lxxxvii,  1538. 

Canaris,  Met.  Chem.  Eng.,  1912,  x,  232. 

Books  on  welding:  Groth,  L.  A.,  "Welding  and  Cutting  Metals  by  Aid  of  Gases  or  Elec- 
tricity," Van  Nostrand,  New  York,  1909;  Hart,  R.  X.,  "Wielding,"  McGraw-Hill  Book  Co, 
New  York,  19 10. 

2  Richards,  J.  W.,  "Metallurgical  Calculations,"  i,  46. 
*  Ditz,  Mctallurgic,  1907,  iv,  786. 
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a  weak  reducing  agent.     Being  a.  gas  it  readily  penetrates  the  oxide  to  be] 
reducetl  and  acts  quickly  as  long  as  the  oxide  has  not  been  sintered  or  f usei  1 
The  reaction  taking  place  in  reduction  is  expressed  by  MjO(/+yCOf^Mi+-B 
yCOs,  or  MxO„+COi=;MjOu-,+C05.    The  resulting  CO2  with  iU  oxidizii^l 
power  opposes  the  reducing  effect  of  CO;  with  enough  COj  an  equilibrium  is  es-  ' 
tablished,  the  gas  ha\'ing  become  indifferent,  neither  reducing  nor  oxidizing; 
with  still  more  COi  the  gas  mixture  becomes  oxidizing.    The  proportions  of 
CO  and  CO-  necessary  to  neutralize  one  another  vary  with  the  metal  and  the 
temperature.    The   equilibrium   conditions   of   FciOh   have   been   especially  1 
studied. 

Another  reversible  reactionof  COis  iCOf^C+COj,  i.e.,  CO  conducted  over  ] 
rough  surfaces,  over  finely-divided  substances,  such  as  FcjOi,  NiO,  CaO,  C,  I 
heated  to  temperatures  ranging  from  200  to  i  ,000°  C.  is  more  or  less  decomposed  1 
as  shown. 

The  reduction  of  COi  by  means  of  C,  beginning  about  4.00°  C,  has  I 
been  discussed  in  £142. 

H  has  a  greater  deoxidizing  power  than  CO  for  the  same  temperatures. 
The  reaction  MO+Hs^M+H^O  is  reversible  and  much  limited  in  its  practical 
application;  it  may  play  some  part  in  the  reduction  of  metals  like  Sn,  Cu,  Pb 
which  do  not  decompose  HiO  at  a  red  heat.  As  the  production  of  H  is 
an  expensive  process,  the  use  of  this  reagent  is  confined  to  its  incidental 
formation  by  the  action  of  H~0-vapor  upon  an  element  oxidized  by  it,  such  as 
incandescent  C.  CiH^  are  contained  in  a  smoky  flame  and  are  set  free  with 
ihe  gases  issuing  from  the  green  stick  used  in  poling  Cu.  Their  reducing  effect  , 
is  a  combination  of  those  of  C  and  H.  Heavy  Cn.Hn,  which  upon  heating  a 
split  into  C  and  CH^.have  a  stronger  reducing  power  than  the  light  CiH^. 

CN  formed  by  the  action  of  N  upon  incandescent  C  plays  an  unimportant 
part  in  the  reduction  of  FeiO,,  in  the  iron  blast-furnace.  Alkali  cyanides  form 
a  valuable  reducing  agent  in  the  assay  laboratory. 

Metals  or  alloys  which  have  a  strong  affinity  for  O  are  sometimes  added  in  1 
small  quantities  to  a  metal  bath  holding  some  of  its  oxide  in  solution  or  suspen- 
sion in  order  to  reduce  this  oxide.  Al,  which  of  all  ordinary  metals  has  the  : 
strongest  affinity  for  O,  is  added  in  small  quantities  to  molten  steel,  to  brass  and  | 
other  alloy-castings;  Mg  to  Ni;  spiegeleisen  and  ferromanganese  to  bessemer  J 
and  open-hearlh  steel;  P,  or  CuiP,  to  metaUic  Cu  or  Cu  alloys. 

Sulphur  or  metallic  S-ide,  lastly,  is  an  important  reducing  agent  in  the  roast- 
ing and  reaction  process  of  smelting  lead  ores,  in  the  reverheratory  smelting  of 
copper  ores,  and  in  the  convertmg  of  copper  matte;  the  S  combines  with 
the  O  of  the  oxidized  Pb,  or  Cu,  and  passes  off  as  SOa;  the  reactions  with 
lead  ore  take  place  at  about  700"  C,  those  with  Cu  ore  and  matte  at  about 
1,100°  C. 

The  deoxidation  of  metallic  o-xide  MO,  by  a  reducing  agent  R,  may  be 
endo-  or  exo-thcrmic,  MO+R  =  M-|-R0±  cal.  Most  reducing  processes 
absorb  more  heat  than  they  generate  and  require  external  sources  of  heat  to 
make  up  the  deficit.     The  most  striking  exception  to  this  general  truth  is  the 
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aluminothermic  process  of  Goldschmidt.^  Here  Al  in  a  more  or  less  findy 
divided  state  is  mixed  with  the  metallic  oxide  to  be  reduced  (and  perhi^  some 
flux  added  to  retard  the  reaction)  and  charged  into  a  crudble  lined  with  MgO. 
A  fuse  consisting  of  a  mixture  of  finely  divided  Al  and  BaOs  is  placed  on  top  and 
ignited  either  by  a  Mg  ribbon  serving  as  a  fuse  or  more  simply  by  a  match.  Tie 
heat  set  free  by  the  oxidation  of  the  Mg,  viz.,  Mg+0  =  MgO+ 197,000  caL, 
brings  the  primer  to  the  reaction  temperature  (3BaOj+2Al2=3BaO+Alj0t+ 
356,000  caL);  this  excess  heat  starts  the  reaction  (taking,  e.g.,  "FezOz  as  oxide: 
Fe203+2A1  =  AI2O3+  2Fe+ 197,000  cal.)  at  one  point  of  the  charge  which  is  suf- 
ficiently exothermic  to  go  on,  not  only  without  any  external  heating,  but  to  fuse 
the  resulting  AI2O3  and  reduced  metal,  the  calculated  temperature  with  Fe 
reaching  2,694°  C*  The  process  is  well  suited  for  reducing  refractory  metallic 
oxides  (Mn02,  CraOs,  Ti02,  etc.)  and  producing  a  metal  free  from  C.  It  has 
further  found  application  in  welding,  soldering  and  annealing  in  places  where  it 
is  not  convenient  or  possible  to  use  other  methods  of  heating.  Striking  examples 
are  the  welding  of  steel  rails  in  place  and  the  patching  of  large  iron  and  steel 
castings.     Metallic  sulphides  are  completely  decomposed  by  AL* 

(2)  SuLPfflDES  AND  ARSENIDES. — Metallic  S-ides  and  As-ides  are  commonly 
given  an  oxidizing  roast  to  convert  them  into  oxides  before  they  are  subjected 
to  a  reducing  fusion.  In  some  cases,  however,  they  are  smelted  raw  (direct)  or 
after  an  imperfect  roast  which  has  left  unaltered  some  of  the  original  S-ide  or 
As-ide.  The  reducing  fusion  then  becomes  a  sulphurizing,  or  arsenizing  opera- 
tion in  which  the  metals  are  collected  in  a  matte,  or  a  speise,  in  the  order 
of  their  affinities  for  S  or  As.  In  the  presence  of  an  excess  of  one  metal  (e.^., 
Fe)  that  has  a  stronger  affinity  for  S  or  As  than  another  (e.g.,  Pb)  and  a  cor- 
responding lack  of  S  or  As,  the  second  metal  will  be  set  free  in  the  metallic  state 
(precipitated).  Common  examples  of  metal  acting  as  a  reducing  agent  are 
the  decomposition  of  PbS,  PbarAs,  SboSa  and  of  HgS  by  means  of  Fe.  The 
Fournet-Schiitz  series  (§60)  and  the  heats  of  formation  of  metallic  S-ides,  Table 
30,  and  As-ides,  Table  36,  give  the  facts  regarding  the  affinities  of  metals  forS 
and  As. 

^  Hofman,  Tech.  Quart. ^  1902,  xv,  loi,  with  cross-references. 

Caldwell,  Iron  Trade  Rev.y  Oct.  8,  1903,  p.  54. 

Goldschmidt,  Zt.  Eleclrochem.y  1903,  ix,  858;  Elcclrochem.  Ind.^  1903,  i,  527,  534;  Bff(. 
nuttenm.  Z.,  1903,  LXii,  571;  1904,  LXiii,  611;  Afciallurgie,  1905,  ii,  ^y^  J.  Frankl,  IiuL,  1905 
CLX,  187. 

Mathesius,  Siahl  u.  Eisen,  1903,  xxiii,  925;  Iron  Age^  Sept.  10,  1903,  p.  8. 

Scholl,  Elcclrochem.  Ind.^  1903,  i,  175. 

Stytz,  /.  Frankl.  Inst.,  1904,  CLvri,  241. 

Watts,  Elcctrochem.  Met.  hid.,  1905,  in,  372. 

Hulbcrt,  Iron  Age,  191 1,  lxxxvii,  1538. 

Canaris,  Met.  Chem.  Eng.,  191 2,  x,  232. 

Books  on  welding:  Groth,  L.  A.,  "Welding  and  Cutting  Metals  by  Aid  of  Gases  or  Elec- 
tricity," Van  Nostrand,  New  York,  1909;  Hart,  R.  N.,  "Welding,"  McGraw-HUl  Book  Co, 
New  York,  1910. 

5  Richards,  J.  W.,  "Metallurgical  Calculations,"  i,  46. 
*  Ditz,  Metallurgic,  1907,  iv,  786. 
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215-  Oxidizing  Smelting.— This  process  is  suitable  for   metals,  mattes,   ' 
Spctses,   and  ores;  the  oxidizing  agents  are  air,  steam,  metallic  oxides  and 
oxide  salts. 

Air  is  the  common  oxidizer.  Steam,  beside  serving  in  some  cases  as  a  me- 
chanical stirrer  of  molten  metal,  will  be  used  as  an  oxidizing  agent  with  metals 
which  decompose  it  above  a  red  heat,  such  as  Mn,  Fe,  Co,  Ni,  Zn,  Sb,  Sn,  but 
then  only  under  conditions  such  that  the  heat  absorbed  by  its  decomposition 
may  serve  to  some  extent  in  regulating  the  temperature. 

Among  the  metallic  oxides,  those  of  Mn,  Fe,  Pband  Cuarethe  most  common; 
FeO  silicates  with  <  30  per  cent.  SiOj  act  as  0-carriers  in  that  when  melted  with 
Iree  access  of  air,  the  excess  FeO  is  converted  into  FejOj  which,  acting  as  an  oxi- 
dizing agent,  e.g.,  upon  C  in  pig  iron,  is  again  reduced  to  FeO.  Salts  like  NaNOi, 
HESOt  serve  for  refining  precious  metals. 

The  general  object  of  melting  a  crude  metal  and  exposing  it  to  the  strongly 
oxidizing  influence  of  heated  air  is  to  remove  impurities  which  have  a  greater 
affinity  for  O  than  they  have  for  the  metal  itself.  Thus  Sn,  As,  Sb  and  Zn  are 
removed  from  Pb;Fefrom  Cu;Si,  M,C  and  P  from  Fe,  etc.  The  order  of  affinity 
ol  metals  for  O,  as  deduced  from  the  heats  of  formation  of  oxides,  Table  28,  is 
aoroetimes  changed  by  the  temperature.  Under  normal  conditions  Si  burns  first 
fa)  the  acid  bessenier  process,  when  the  air  is  put  on,  and  heats  the  bath  to  the 
temperature  at  which  C  begins  to  oxidize ;  if  the  metal  at  the  start  is  at  the  C-ig- 
lution  temperature,  the  C  will  burn  at  once  and  prevent  some  of  the  Si  from 
becoming  oxidized,  or  reduce  again  someof  the  Sid  that  had  been  formed.  The 
ttiation  of  C  and  P  in  the  basic  bessemer  process  is  similarly  affected,  as  the  C 
Is  all  oxidized  before  the  P  begins  to  combine  with  O,  and  the  PjOt  will  be  re- 
duced again  to  P,  if  there  is  not  present  an  excess  of  base  to  hold  it.  The 
temoval  of  impurities  from  metal  is  not  accomplished  altogether  directly  by 
e  O  of  the  air,  but  to  a  considerable  extent  indirectly.  The  O  does  not  simply 
BDmbine  with  the  impurities,  amounting  to  <  10  per  cent,  of  the  weight  of  the 
netal,  and  leave  the  metal  intact;  on  the  contrary,  it  also  oxidizes  the  surface 
of  the  metal  itself;  the  formed  oxide,  acting  as  a  carrier,  transfers  its  O  to  the 
impurity  and  oxidizes  it.  The  more  intimate  the  contact  of  metallic  oxide  and 
impure  metal,  the  more  effective  will  be  the  elimination  of  the  impurity; 
thus  CujO  or  NiO  soluble  in  Cu,  or  Ni,  are  powerful  puriiiers.     When  the 

t oxides  are  not  soluble,  they  have  to  be  stirred  into  the  metal.  This  is  done 
fcy  hand  (puddling  pig  iron;  fining  copper),  by  compressed  air  fbessemerizing 
pig  iron;  fining  copper),  and  by  steam  (refining  Zn-Pb  alloys).  With  hand 
stirring,  it  is  desirable  that  the  oxide  be  somewhat  pasty,  with  the  other  methods 
it  has  to  be  as  fluid  as  the  metal.  In  order  to  prevent  the  oxide  from 
being  scorified  and  thus  become  practically  inactive,  it  is  necessary  that  an 
oxidizing  fusion  giving  an  acid  or  basic  oxide  be  carried  on  in  a  furnace  with 
re^>ectively  an  acid  or  basic  (neutral)  hearth.  The  progress  of  an  oxidizing 
fusion  is  obser\'ed  by  the  changes  in  color  and  texture  of  the  oxide  withdrawn 
ulrom  the  surface  of  the  metal  and  by  the  changes  in  the  metal  itself.  If  the 
t&purity  that  is  being  eliminated  passes  off  as  a  gas,  it  may  cause  the  metal 
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to  boil  and  may  bum,  as  does  CO,  with  a  blue  flame;  or  it  may  give  off  a  charac- 
teristic odor,  as  does  SO2,  and  project  metal  upward  with  sufficient  force  to 
divide  it  so  finely  that  when  falling  down  again  it  will  have  the  appearance  of  a 
fine  spray  (copper-rain). 

The  oxidizing  fusion  of  matte  is  practiced  mainly  with  copper  and  nickd 
matte.  Examples  are  I  he  purification  of  impure  copper  matte  to  free  it 
from  Pb  and  Fe,  the  roast-smeking  and  converting  of  rich  copper  matte 
in  order  to  produce  metallic  Cu,  and  the  concentrating  and  converting  of 
copper-nickel  matte.  The  oxidation  in  these  processes  is  effected  more  directly 
by  the  action  of  air  than  indirectly  as  is  the  case  with  metals.  Where  the  quid 
and  cheap  process  of  converting  is  not  advisable  on  account  of  the  presence  of 
Pb  and  Zn,  which  cause  losses  in  precious  metal,  the  slow  oxidizing  fusion  has 
been  mostly  replaced  by  the  quicker  operation  of  roasting  part  of  the  matte, 
mixing  it  with  raw  matte,  and  melting  the  charge. 

Speise  is  concentrated  by  an  oxidizing  fusion  in  which  arsenides  having  much 
affinity  for  O,  notably  Fe,  are  oxidized,  scorified,  and  drawn  from  the  fluid  bath. 
Here  also  the  oxidation  is  effected  in  the  main  directly  by  the  O  of  the  air. 

The  treatment  of  ore  by  an  oxidizing  fusion  is  confined  for  the  present  to 
the  process  called  pyritic  smelting  in  which  the  heat  set  free  by  the  quick  oxida- 
tion of  S  and  Fe  of  pyritic  ore  through  the  O  of  the  blast  is  utilized  to  combine 
the  FeO,  as  soon  as  formed,  with  the  siliceous  gangue  and  slag  it. 

216.  Melting. — ^This  may  be  termed  a  neutral  fusion,  as  the  intention  is  to 
avoid  reduction  and  oxidation.  The  object  of  melting  is,  either  to  liquefy  a 
metal  or  alloy  and  cast  it  into  some  special  form,  or  to  prei>are  alloys;  special 
precautions  are  taken  to  protect  the  metals  from  contact  with  air  by  covering 
the  charge  with  charcoal  or  some  flux. 

217.  Smelting  Apparatus  in  General. — ^A  smelting  furnace  demands  a  tem- 
perature sufficiently  high  to  liquefy  both  ore  and  flux;  this  temperature,  with 
fuel  furnaces,  requires  the  combustion  of  a  certain  amount  of  fuel  in  imit  time 
and  sf)ace,  and  the  fuel  needs  a  certain  volume  of  air.  The  four  classes  of  fur- 
naces given  in  §167  furnish  the  important  t>'pes.  Hearth  and  blast-furnaces 
are  run  with  compressed  air  or  blast;  reverberatory  and  closed- vessel  furnaces 
with  natural  or  forced  draft,  and  converters  again  with  blast.  Electric  furnaces 
are  taken  u])  in  ])]).  ,:;So,  389-394. 

218.  Hearth  Furnaces  Worked  with  Blast  (§167). — A  small  pile  of  ore 
mixed  with  charcoal  and  served  by  bellows^  represents  the  primitive  fusion; 
surrounding  the  pile  with  stones  or  making  a  hole  in  the  ground  to  hold  the 
charge  together  and  enable  a  better  utilization  of  heat  is  the  next  step;  and  tbis 
gives  the  earliest  form  of  hearth.  The  furnace  was  used  quite  extensively  in 
the  production  of  wrought  iron  (Catalan  forge,  American  bloomary),  but  has 
become  about  obsolete,  at  least  in  the  United  States,  in  the  iron  industry  on 
account  of  the  rigid  requirements  as  to  ore  and  fuel,  the  small  capacity^  the  imper- 
fect yield,  the  character  of  the  product,  and  the  expense  of  fuel  and  labor.  Im- 
pure copper  was  once  fmed  and  even  brought  to  the  tough-pitch  stage  in  a 

*  Percy,  J.,  "Iron  and  Sled,"  Murray,  London,  1864,  p.  264. 
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hearth  furnace,  furnishing  the  so-called  rosette  copper.'  This  type  of  fumace< 
has  not  only  held  its  own  in  the  smelting  of  rich  n  on -argentiferous  galena  ore3 
of  suitable  size,  but  has  furnished  the  basis  for  one  of  the  cheapest  and  most 
satisfactory  methods  of  extracting  quickly  part  of  the  lead  as  long  as  provision 
is  made  to  save  the  fumes.  The  lead-ore  hearth  shares  the  general  disadvantage 
that  oxidation  and  reduction  go  on  simultaneously  and  thus  interfere  with 
one  another,  but  as  long  as  there  is  no  objection  to  making  a  rich  residue  to  be 
worked  up  in  a  blast-furnace,  it  fulfills  most  requirements. 

219.  Blast-furaaces  (^167).— Blast-fumaces  were  developed  out  of  hearth 
furnaces  by  increasing  the  height  of  the  walls.  While 
primitive  blast-furnaces  were  used  by  the  ancients  in 
smelting  copper  ores  (Discorides),  in  the  iron  industry  the 
first  pig  iron  was  produced  about  the  14th  century 
(Beck)  with  the  application  of  water-power  to  the 
working  of  the  blowing  apparatus,  after  the  height  of 
the  furnace  had  been  sufficiently  raised  to  carburize  the 
reduced  iron, 

A  blast-furnace  (Figs.  247  and  308)  consists  essen- 
tially of  two  parts,  the  shaft  and  the  crucible.  The 
shaft  reaches  from  the  throat,  where  the  charges  ;irr 
fed  and  the  gases  withdrawn,  to  the  tuy&relevel,  win n 
the  air  is  forced  in  to  burn  the  fuel;  and  the  crucil'' 
extends  from  the  tuy&re  level  to  the  bottom  and  hul' 
the  melted  material;  the  crucible  with  its  encUj>.ii 
brickwork  is  called  the  hearth. 

The  general  shape  of  the  shaft  must  be  such  as  'o 
favor  an  even  descent  of  charge  and  a  uniform  ascent 
of  gas  current.  .    , 

The  vrrlical  section  of  the  shaft  (profile,  lines)  may  ""J-'" 
show  sides  that  are  either  parallel,  or  laiier  toward  the  Fic.  308. 
bottom,  or  taper  both  toward  top  and  bottom  and  form  cross-seciion  of  lead  bla.st- 
a  bosh.  Fig.  347;  the  downward  taper  may  be  uniform  or  f"""""  "i'l"  imemal  tm- 
may  be  suddenly  increased  so  as  to  secure  a  contracted  f^^"  "'"'  ^'^"^^  "P"*""" 
tuyirc    zone.     Parallel    sides    are  found    at   present 

only  in  cupola  furnaces  used  for  re-melting  pig  iron,  spiegeleisen,  or  matte, 
i.e.,  low-temperature  furnaces  (1,000  to  1,100°  C.)  in  which  coarse  ma- 
terial is  fused  without  undergoing  any  important  chemical  changes.  Fur- 
naces with  a  uniform  downward  tafjer  are  used  with  smelting  operations 
demanding  a  medium-high  temperature  (1,200°  C.)  and  with  it  a  low-pressure 
blast,  as  is  the  case  In  small  circular  blast-furnaces  treating  readily  reducible 
lead  and  copper  ores.  The  reasons  for  making  the  tuyere  area  smaller  than  the 
throat  area  are  that  the  original  volume  of  the  charge  is  reduced  by  the  combus- 
tion of  the  fuel,  and  the  fusion  of  the  deoxidized  ore  and  the  flux; further,  the 
.gradual  enlargement  of  the  furnace  section  from  tuyeres  to  throat  retards  the 

'P«ny,J.,"McuUurgj'.Fuel,  Fire-days,  Copper, Zinc, elc."  Murray, London.  1861, p.  409. 
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ascending  gas  current  sufficiently  to  heat  the  descending  charge  and  to  act 
chemically  upon  it.  With  large-scale  operations  requiring  a  high-pressuie  blast 
the  furnace  is  built  with  a  bosh,  Figs.  247  and  309.  The  contracted  tuyere 
section  secures  a  rapid  combustion  and  with  it  a  concentrated  and  intensified 
beat  resulting  in  a  quick  fusion.  By  suddenly  enlarging  the  horizontal  section 
through  a  bosh  the  zone  of  fusion  is  narrowed  and  the  velocity  of  the  ascending 
gases  quickly  checked;  the  slowly  moving  current  then  gives  up  its  heat  to  the 
charge  above,  acts  chemically  upon  it  and  drops  fine  particles  of  charge  or 


Figs.  309  and  310. — Vertical 


of  copper-matting  blast-funiace. 


volatilized  metal.  The  angle  of  bosh,  i.e.,  the  space  included  between  the 
slope  of  the  bosh  and  a  horizontal,  is  flatter  with  lead  furnaces,  Fig.  308, 
requiring  a  stronger  reduction  and  greater  retardation  of  gas  current  than  with 
copper  furnaces,  Figs.  309  and  310,  treating  S-ide  ores,  in  which  it  is  usually 
desired  to  have  the  gases  rush  upward  and  oxidize  some  of  the  S.  Higb-tem- 
perature  furnaces  {1,500"  C),  e.g.,  in  smelting  iron  ores.  Fig.  247,  always  have 
a  steep  bosh  of  considerable  height.  The  height,  however,  is  purposely  limited. 
If  the  inverted  cone  of  the  circular  iron  blast-furnace  were  carried  to  the  throat, 
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it  would  interfere  with  the  regular  descent  of  the  charges  because  with  a  greater 
friction  at  the  sides  (between  stationary  wall  and  moving  charge)  than  in  the 
center  {i.e.,  in  the  loose  charge)  the  central  part  would  descend  more  quickly 
than  that  near  the  sides.  In  order  to  decrease  the  friction  at  the  walls  and  to 
permit  the  closing  of  the  throat  by  means  of  a  bell  and  the  withdrawal  of  the 
gases,  the  shaft  is  narrowed  from  the  bosh-line  to  the  throat.  The  diameter 
of  throat  and  top  of  bosh  have  to  be  rightly  proportioned,  as  they  influence  the 
even  descent  of  the  charge.*  Cylindrical  furnaces  have  proved  a  failure  in  iron 
smelting.* 

The  horizontal  section  has  been  made  square,  polygonal,  circular,  oblong  and 
elliptical.  Circular  and  oblong  furnaces  have  replaced  almost  wholly  other 
forms.  When  a  square  or  polygonal  furnace  is  put  out  of  blast,  the  inside  shows 
a  circular  section,  as  in  smelting  the  corners  very  soon  fill  up.  In  regard  to 
quality  of  work,  the  circular  furnace  gives  the  most  satisfactory  results,  as 
there  is  an  even  distribution  of  blast  and  heat,  and  as  the  loss  in  heat  by  radiation 
is  small  because  a  circle  offers  the  smallest  circumference  for  the  largest  area. 
The  quantity  of  the  work,  however,  which  is  governed  by  the  diameter  is 
limited  by  the  pressure  of  the  blast.  The  iron  blast-furnace  permitting  a  high 
pressure  is  therefore  always  circular.  Fig.  247,  the  diameter  at  tuyires  reaching 
15  ft.  4  in.  with  a  pressure  of  15  lb.  per  sq.  in.;  lead,  copper  and  other  non- 
ferrous  furnaces,  Figs.  308-310,  which  do  not  allow  the  use  of  a  high  pressure 
on  account  of  the  excessive  reduction  of  Fe«Oy  to  Fe  instead  of  to  FeO  and  the 
volatilization  of  metal,  would  be  limited  in  capacity  if  they  were  made  circular; 
they  are,  therefore,  made  oblong.  The  distance  between  the  tuyires,  spaced 
along  the  sides,  is  so  chosen  as  to  allow  a  moderate  blast  pressure,  while  the 
length  is  adapted  to  the  desired  capacity.  Thus  in  lead  blast-furnaces  the  dis- 
tance between  tuyferes  reaches  45  in.  with  a  blast  pressure  of  3  lb.,  and  in 
copper  blast-furnaces  54  in.  with  a  pressure  of  2  lb.  and  less;  the  lower  pressure 
of  the  copper  furnace  is  due  to  the  smaller  height  and  the  greater  coarseness  of 
the  charge. 

In  a  few  instances  copper  blast-furnaces  have  been  made  elliptical,  i.e.,  when 
the  shaft  is  constructed  of  a  single  boiler-iron  water-jacket  (Herreshoff  furnace), 
In  some  instances  it  has  been  noticed  in  lead  and  copper  smelting  that  the 
slags  from  circular  furnaces  showed  lower  values  than  from  oblong.  A  probable 
explanation  of  thk  phenomenon  is  that  in  a  circular  furnace  the  matte,  dropping 
in  the  furnace,  is  blown  toward  the  center  and  the  slag  drawn  at  the  periphery, 
whUe  in  an  oblong  furnace,  tapped  at  the  ends,  some  matte  is  blown  toward  the 
tap-hole. 

With  regard  to  the  disposition  of  the  crucible,  blast-furnaces  are  classed  as  hav- 
ing an  internal  crucible,  an  external  crucible,  a  crucible  partly  internal,  partly 
external.  The  internal  crucible.  Figs.  247  and  311,  is  situated  underneath  the 
shaft  and  forms  the  continuation  of  it;  metal  (speise,  matte)  and  slag  are  col- 
lected wholly  inside  the  furnace  and  tapped  intermittently  from  different  levels. 

1  Richards-Lodge,  Tr.   A.  I.  M.  JB.,  1887-88,  xvi,  154. 
*  Taylor,  op,  cit.,  1884-85,  xui,  489. 
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The  Arcnts  siphon-tap,  Fig.  308,  which  removes  lead  continuously,  forms  the 
only  exception.  This  disposition  has  the  advantage  that  there  is  a  good  utiliza- 
tion of  heat  and  with  it  a  good  separation  of  metal  and  slag;  the  disadvantage  is 
the  inaccessibility  which  makes  it  difficult  to  remove  accretions  when  they  form 
on  the  bottom.  It  should  be  used  when  the  formation  of  accretions  is  not  to  be 
expected  as  in  the  smelting  of  lead  ores,  some  oxide  copper  ores  and  iron  ores. 
The  external  crucible,  Fig.  313,  which  may  be  fixed  or  movable,  is  placed  out- 
side the  furnace  wall.  The  charge  as  soon  as  melted  flows  over  the  inclined  bot- 
tom of  the  shaft  and  collects  in  the  external  basin  (settler)  where  the  separaUon 

of  metal  and  slag  occurs;  the  metal  is  tapped  in- 
termittently  (the  Orford  fore-hearth  forming  an 
exception)  and  the  slag  overflows  continuously. 
With  all  large  furnaces  the  blast  is  trapped  by 
some  means,  Fig.  310;  in  small  ones  with  a  low- 
pressure  blast  (tin-smelting)  this  is  not  the  case. 
The  advantage  of  the  arrangement  is  that  the 
formation  of  accretions  is  reduced  to  a  minimum, 
as  the  melted  mass  does  not  stay  in  the  furnace, 
and  as  no  half-melted  charge  drops  on  to  the 


d 


^ 


Lcffend  d 

a   Throat  b  Blast  Inlet 

o   Bias  Outlet         d  Metal  Outlet 

Figs.  311  103x3. — Blast-fur-  ,     ..         *,     im  a.v,  *j  '^    ^  i_    •  * 

'*u   •  ,       I    •  ♦       1        bottom  to  fill  the  spaces  made  vacant  byinter- 

nace  with    internal,  internal-ex-  ^  ^ 

ternal,  and  external  crucible.         mittent    tapping.     The    drawback   is  imperfect 

utilization  of  heat  and  consequent  imperfect  sepa- 
ration of  metal  and  slag.  With  the  large  capacities  of  modem  furnaces  and 
with  the  use  of  covered  fore-hearths,  both  losses  have  been  very  much  reduced. 

The  external  crucible  will  be  used  when  the  formation  of  accretions  is  to  be 
expected.    It  has  been  generally  adopted  in  smelting  S-ide  copper  ores,  and  in 
some  instances  when  matte  is  concentrated  in  the  blast-furnace.     In  iron-foun- 
dry practice  an  external  crucible  is  used  in  the  Krigar  cupola.     With  a  furnace 
having  a  crucible  partly  internal  and  partly  external,  Fig.  312,  the  internal 
crucible  is  so  to  say  continued  outside  the  furnace-wall  and  ends  in  a  fixed 
fore-hearth  of  small  size;  the  metal  is  tapped  intermittently,  the  slag  overflows 
continuously.    It  permits  the  introduction  of  tools  to  remove  accretions  form- 
ing on  the  bottom,  or  at  least  to  raise  them  into  the  hotter  zone  above  where 
they  may  be  dissolved  by  the  metal  or  the  slag.     This  form,  used  extensively  in 
former  days,  has  become  about  obsolete  in  its  original  form.     In  the  modi- 
fied form  of  Mathewson^  it  does  excellent  work  in  a  lead  blast-furnace  as  long 
as  the  ore  does  not  contain  too  much  zinc,  and  the  furnace  puts  through  not  less 
than  50  tons  in  24  hr.     Here  the  lead  is  removed  continuously  by  the  Arents 
siphon-tap;  the  matte  is  tapped  intermittently  and  the  slag  overflows  in  a 
steady  stream.     Excepting  the  slight  change  in  level  by  the  occasional  tapping 
of  matte,  the  melted  material  is  kept  constantly  at  the  same  height,  and  this 
has  a  favorable  cfTect  upon  the  regularity  of  the  smelting  as  a  whole;  the  separa- 
tion of  matte  and  slag  is  satisfactory,  so  that  the  re-smelting  of  foul  slag  is 
reduced  to  a  low  figure. 

'  JJofman,  "Metallurgy  of  Lead,"  1899,  p.  237, 
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TheMfou^of  a  blast-furnace  is  either  Open,  Figs.  308-310,  or  dosed,  Fig.  247.  , 
It  is  said  to  be  open  when  the  furnace  gases  are  allowed  to  come  into  contact  I 
with  air  be/ore  they  enter  the  dust  chamber  and  chimney.    This  will  be  the  case   ' 
Wfhen  they  have  no  fuel  value,  i.e.,  when  the  percentage  of  CO2  is  either. higher   > 
than  of  CO,  as  is  usual  with  lead  (3CO1  :  iCO),  copper  and  other  non-ferrous  i 
smelting  processes,  or  only  slightly  lower,  e.g.,'  CO  19.61,  COa  17-36,  H  2.45, 
CH«  0.14,  N  60.44.     The  throat  is  closed  when  the  percentage  of  CO  in  the 
gases  greatly  exceeds  that  of  COa  as  is  the  case  with  the  iron  blast-furnace: 
CO  24,  COi  ia,H  2,  CH4  2,  N  60.     The  air  is  kept  excluded  while  the  gases  pass 
off  through  pipes  to  the  fireplaces  where  their  calorific  value  is  to  be  utilized. 
The  withdrawal  of  the  gases,  which  may  take  place  above  or  beneath  the  surface 
of  the  charge,  is  closely  connected  with  the  manner  of  feeding  the  charges. 

The  working  height  of  a.  blast-furnace,  i.e.,  the  vertical  distance  from  tuyfere 
level  to  top  of  charge,  ranges  from  6  ft.  with  furnaces  smelting  roasted  pyrite 
to  100  ft.  with  the  iron  blast-furnace.  The  greater  the  height,  the  more  effect- 
ive the  heat  absorption,  the  stronger  the  chemical  action  of  the  ascending  gas 
current  and  the  larger  the  capacity,  as  the  width  has  to  grow  with  the  height. 

The  height  is  limited  by  the  composition  of  ihe  ore,  which  may  Iw  exposed 
for  too  long  a  time  to  the  chemical  effect  of  the  gases;  by  the  coarseness  and 
friability  of  ore,  flux  and  fuel ;  by  the  unmixing  of  the  charge  during  its  descent; 
by  the  pressure  of  the  blast,  and  by  the  danger  of  forming  btow-holcs  which  is 
contrary  to  the  requirement  that  the  gases  be  evenly  diffused  and  ascend  uni- 
formly through  the  charge.  If  in  treating  lead,  copper  or  other  non-ferrous 
ores,  the  reducing  effect  of  the  shaft  is  too  great,  the  Fe-Oa  is  deoxidized  to  Fe 
and  forms  a  hearth  accretion  (sow),  instead  of  to  FeO  which  is  to  combine 
with  SiOj  and  form  slag.  With  fine  ore  the  height  of  the  charge  has  to  be 
smaller  than  with  coarse  ore;  coke  has  a  greater  compressive  strength  and  Is 
less  friable  than  charcoal. 

The  smdting  power  (capacity)  depends  upon  the  cubic  content  of  the  furnace. 
With  the  iron  blast-furnace  the  smelting  power  is  expressed  in  terms  of  cubic 
content  of  furnace;  with  other  furnaces  in  terms  of  square  foot  of  hearth  area. 
The  power  does  not  increase  directly  as  the  cubic  content,  but  in  a  constantly 
diminishing  ratio.  The  consumption  of  fuel  decreases  as  the  capacity  of  the 
furnace  increases,  hut  a  similarly  diminishing  ratio  occurs  between  the  two, 
and  a  point  is  soon  reached  beyond  which  there  is  little  or  no  ad\'antage  in 
increasing  the  internal  space.  With  increase  of  horizontal  section  there  has  to 
be  a  corresponding  increase  in  height  on  account  of  the  requirement  of  a  stronger 
blast  pressure.  A  wide  furnace  has  decidedly  the  disadvantage  that  the  descent 
of  the  charges  and  the  ascent  of  the  gases  are  irregular,  as  the  charge  in  the 
center  traveling  downward  ahead  of  that  at  the  side,  pushes  the  lighter  compo- 
nents, especially  the  fuel,  against  the  wall,  while  the  gases  passing  up  along 
the  wall  through  the  fuel,  do  not  prepare  sufficiently  the  central  ore  column  for 
the  smelting  z 


!..  "Crunilriss  'itr  -\I!k.  HuttcukuiKip.'"  Fd[x.  Lcipsit,  1879,  p.  147. 
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The  construction  of  a  blast-furnace  has  to  confonn  to  the  general  prindpb 
given  in  §169.    Formerly  the  blast-furnace  was  a  heavy  mass  of  masonry^  witk 
arched  passages  for  access  to  the  lower  part;  at  present,  Figs.  247  and  308,  tk 
construction  is  lighter;  the  upper  part  of  the  shaft,  the  stack,  is  supported  by 
hollow  cast-iron  columns  and  thus  made  independent  of  the  lower  part,  tk 
bosh,  which  rests  upon  the  walls  of  the  crucible.    This  gives  free  access  to  tk 
most  vulnerable  parts.    In  some  recent  constructions  the  superstructure  of  the 
stack  (feeding-platform,  etc.)i  which  used  to  rest  upon  the  top  of  the  shaft,  is 
carried  independently  by  structural  iron  and  thus  relieves  the  throat  from 
unnecessary  pressure.    The  stack  is  usually  built  of  brick;  in  some  instancesitb 
constructed  of  soft-3teel  water-jackets  (Figs.  309  and  310).    In  a  brick  stad 
(Figs.  247  and  308)  there  are  distinguished  the  iimer  wall  of  fire-brick,  and  the 
outer  wall  of  red  brick;  between  the  two  is  left  an  expansion  space.  Fig.  247, 
filled  with  loose  material,  such  as  sand  and  ground  brick.    The  outer  wall  of  a 
circular  furnace  is  either  enclosed  by  an  iron  shell,  Fig.  247,  or  it  is  braced  by 
heavy  iron  bands  or  rods.  Fig.  308;  oblong  furnaces  usually  are  not  sheathed; 
they  have  cast-iron  comer-pieces,  Fig.  308,  through  which  pass  tie-rods.  An 
.iron  furnace-shell  makes  repairs  in  the  stack  difficult;  it  is,  howe\^r,  used  with 
almost  all  iron  blast-furnaces  on  account  of  the  stability  it  gives  to  the  structure. 
The  boshes,  which  have  to  stand  mechanical  wear  and  resist  chemical  action 
and  heat,  are  water-cooled.    In  some  iron  blast-furnaces  the  wails  are  sheathed 
and  water  is  sprayed  on  the  sheathing  (spray-jackets)  or  made  to  flow  over  than 
(flow-jackets);  small  (i-in.)  wrought-iron  pipes  with  water  circulating  through 
them  have  been  placed  between  the  sheathing  and  brickwork.    In  most  modem 
furnaces  bosh-plates  (water-cooled  iron,  copper  or  bronze  boxes),  Fig.  247,  have 
replaced  the  older  contrivances,  as  they  maintain  the  lines  of  the  furnace  which 
the  older  devices  do  not.     In  practically  all  lead  furnaces.  Fig.  308,  water-jackets 
enclose  the  bosh  and  tuyi^re  region;  with  oblong  furnaces  they  are  usually  cast- 
iron;  sometimes,  however,  of  soft  steel.     Cast-iron  jackets  are  cheap,  last  with 
fair  water  for  about  three  years  if  well  made,  and  have  value  as  scrap  if  the 
furnace  is  situated  near  a  foundry;  the  lighter  steel  jackets  are  preferred  if 
the  furnace  is  situated  at  a  distance  sufficiently  great  from  an  industrial  center 
for  the  smaller  freight  charge  to  make  up  for  the  greater  first  cost.    Small 
circular  lead  furnaces  usually  have  steel  jackets.     Copper  blast-furnaces  treating 
S-i(le  ore  generally  are  water- jacketed  throughout.  Figs.  309  and  310,  and  this 
makes  steel  jackets  almost  a  necessity. 

'Hie  reason  for  having  several,  ordinarily  two,  tiers  of  water-jackets  is  that 
to  carry  out  the  usual  practice  of  burning  off  S  during  the  descent  of  the  charge, 
a  large  \i)lunie  of  blast  is  required  which  causes  the  heat  to  creep  up;  this  would 
make  the  charge  adhere  to  the  brickwork  and  form  excessive  wall  accretions. 
The  advantages  of  water-jackets  are  that  the  furnace  is  easily  built,  blown  in  and 
blown  out,  that  wall  accretions  are  readily  removed,  that  any  slag  suited  to  the 
ore  can  he  made  indepenilent  of  the  furnace  walls,  that  the  number  of  tuyires 

'Overman,  I'.,  "A  Treatise  on  Metallurgy,"  Applcton,  New  York,  1877,  p.  505  and 
f(>ll<)\vii)>{. 
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can  be  made  large  and  thereby  the  furnace  driven  at  a  greater  capacity.*  The 
disadvantages  are  the  need  and  cost  of  water  that  may  be  neither  too  hard  nor 
too  muddy,  and  the  loss  of  heat.  Supposing^  a  circular  water-jacket  furnace, 
4  ft.  in  diam.  at  tuyeres  and  lo  ft.  high,  with  a  2-in.  water-space  to  consume  7,000 
liters  water  per  hour,  the  water  to  enter  at  20  and  leave  at  70°  C.  The  differ- 
ence  of  50°  C.  equals  50  Cal.  per  liter  or  kg.  and  corresponds  to  a  loss  in  24  hr. 
of  7,oooX  50X  24  =  8,400,000  Cal.  With  coke  of  a  calorific  power  of  7,500  Cal., 
this  loss  equals  1,120  kg.  coke.  If  the  furnace  puts  through  60  tons  of  charge 
with  13  per  cent.  =  15,600  kg.  coke,  the  percentage  of  total  coke  consumption 
required  for  heating  the  water-jacket  is  7.2.*  The  usual  range  is  4-16  per  cent. 
That  the  advantages  outweigh  the  disadvantages  is  proved  by  the  fact  that 
there  is  hardly  a  blast-furnace  in  which  the  boshes  and  the  tuyfere-section  are 
not  water-cooled.  When  first  used,  the  water-jackets  were  frequently  lined 
with  brickwork*  which  was  to  protect  them  in  blowing  in.  Soon,  however,  it 
was  found  that  this  precaution  was  unnecessary,  as  jackets  become  quickly 
coated  with  a  thick  layer  of  sintered  material  as  soon  as  fusion  begins;  in  fact, 
the  large  water  supply  needed  in  starting,  reaching  two  to  three  times  the 
regular  amoimt,  must  be  reduced  to  below  normal  when  smelting  begins  in  order 
to  melt  off  somejof  the  very  thick  incrustation  that  has  formed.* 

The  crucible  walls  are  usually  of  brick.  In  lead  furnaces.  Fig.  308,  the  inner 
wall  is  of  fire-brick,  the  outer  of  red  brick;  in  copper  and  copper-nickel  furnaces, 
Figs.  309-310,  the  corrosive  action  of  the  matte  has  been  in  many  cases  the 
cause  of  building  the  inner  wall  of  chrome  brick;  in  the  iron  blast-furnace,  Fig. 
274,  the  highest  grade  of  fire-brick  is  used  almost  exclusively;  occasionally  car- 
bon brick  have  been  substituted.  The  crucible  wall  is  always  enclosed  either 
by  a  cast-iron  or  a  steel  casing;  in  the  iron  blast-furnace  the  casing  is  always 
water-cooled.  The  bottom-wall  of  the  crucible  is  usually  built  on  an  iron  plate 
resting  upon  the  foundation.  In  some  instances  I-beams  have  been  placed 
between  the  plate  and  the  foundation  in  order  to  furnish  an  air-space  which 
prevents  the  bottom  from  becoming  too  hot  and  makes  it  possible  to  detect 
leakages.     Water-cooling*  has  been  suggested. 

320.  The  Blast. — The  blast  is  forced  into  the  furnace  through  horizontal 
tuyires,  Figs.  247,  308  and  311,  i.e.,  pipes  which  enter  the  furnace  through  an 
embrasure  in  the  brickwork,  the  tuyere-arch.  The  opening  in  the  brick  wall 
is  almost  universally  water-cooled  by  a  closed  annular  casting  of  iron,  brass  or 

*  Glenn,  Eng,  Min,  /.,  1883,  xxxvi,  274. 
Canby,  Tr,  A,  /.  M.  K.,  i9I2,xliv,  73O 

•Sec  also  Howe,  Bull.  Xo.  26,  U.  S.  (k-oI.  Surv.,  iXS^.  p.  8q. 

'L.  S.  Austin  (Min.  Sc.  Press,  1908,  xctii,  525;  j^ives  an  example  showinK  10.7  |m.t  cent. 

*  Hofman,  Min.  Ind.,  1Q05,  xiv,  410. 

*  Cooling  towers:  Hcnrich,  Tr.  A.  J.  M,  £.,  1895,  xxv,  43.  ^(k>\  PattcMm,  Cass.  Mag.^ 
1909,  XXXV,  701;  Schmitt,  S.  Afr.  Assoc.  ling.,  1906-07,  xii,  251 ;  k.iU-rts,  op.  cit.,  1909,  xv,  i^y^ 
Yawger,    Min.    Sc.^  1911,  lxiv,  480,  495;   Spray  Knj;ineLTinj;  Co.,  Ho^ton,  Mass. 

^Quiui,  St4M  u.  Eisen,  1907,  xxvii,  1S14. 
■*         "Rack,  Liirmann,  Oianri  op,  cit.,  1908,  xxviii,  200,  370,  413. 
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bronze,  or  the  whole  tuyere-arch  by  a  coil  of  iron  pipe  around  which  iron  has 
been  cast. 

Ojx^n  spray-tuyferes,  ix,,  tuyere-nozzles  cooled  by  a  spray  of  water*  instead  of 
by  a  current,  are  hardly  used  at  present.  With  water-jackets  this  extra  cooling 
is  unnecessary  as  long  as  the  tuyfere-pipes  terminate  with  the  inside  of  the  wiH; 
if  they  reach,  however,  into  the  furnace  in  order  to  project  the  heat  farther 
toward  the  center  and  thus  to  protect  the  furnace  walls,  an  additional  watcr- 
ciK>led  tuyere-block  will  be  imperative,  Fig.  247.  In  smelting  furnaces  there 
is  usually  one  row  of  tuy&res;  two  rows  have  been  used  in  some  instances  (Fra- 
berg  and  Pertulosa*  lead  blast-furnaces)  with  the  idea  of  burning  the  C  more  com- 
pletely to  CO2,  but  this  arrangement  seems  to  have  little  to  recommend  it,  since 
the  height  of  the  smelting  zone  is  increased,  while  good  smelting  aims  to  reduce 
it  and  to  confine  the  hottest  zone  within  narrow  limits. 

Cupolas,  which  only  liquefy  metal,  frequently  have  two  rows  of  tuyeres. 
The  tuy&re  level  depends  upon  the  desired  depth  of  crucible,  and  this  will  ha\"e 
to  be  smaller  with  a  product  of  high  than  of  low  melting-point.  If  the  crudbk 
is  too  deep,  there  may  be  excessive  cooling,  if  too  shallow,  some  oxidation.  The 
number  of  tuyeres  and  their  dimensions  are  determined  by  the  hearth  area. 
Within  limits  the  distribution  of  the  blast  is  more  even  with  a  liurge  than  with  a 
small  number.  The  penetration  power  of  the  blast  depends  upon  the  velocity 
with  which  the  air  enters  the  furnace,  ue,,  upon  its  pressure.  For  a  given  wl- 
ume  of  air,  the  smaller  the  diameter  of  a  tuyere,  the  greater  the  velocity,  but  if 
the  diameter  is  too  small,  the  jet  \vill  be  turned  aside  by  the  solid  material  in 
the  furnace.  One  tuyere  is  made  to  serve  1.5  to  3.5  sq.  ft.  of  hearth  area  with 
lead  and  copper  furnaces,  and  10  to  18  with  iron  furnaces  run  with  coke;  the 
diameter  with  lead  furnaces  is  2.5  to  4  in.,  with  copper  furnaces  3  to  5  in.,  with 
iron  furnaces  5  to  7  in.  The  tuyere  ratio,  i.e.,  the  ratio  of  square  inches  tuyere 
area:  i  sq.  ft.  hearth  area,  ranges  from  3  to  5  with  lead  and  copper,  and  from 
1.75  to  3.14  with  iron  furnaces.  The  blast  pressure  with  coke  as  fuel  reaches 
3  lb.  with  lead,  2  with  copper,  and  15  with  iron  blast-furnaces.  The  tendency 
in  the  last  20  years  has  been  toward  high  pressures  on  account  of  the  quicker 
and  more  even  combustion  of  the  coke  which  results  in  a  higher  temperature,  a 
concentration  of  the  smelting  zone,  a  larger  smelting  power  and  a  cooler  throat 
on  account  of  the  rapid  descent  of  the  charges.  The  compressed  air  from  the 
blast-main  enters  the  sheet-iron  bustle  pipe  (Figs.  247,  308,  309,  310),  which 
surrounds  the  furnace  and  is  lined  with  fire-brick  (Fig.  247)  if  the  blast  is  heated. 
Usually  the  bustle  pipe  is  suspended  or  supported  in  the  region  of  the  heads  of 
the  pillars  carrying  the  stack,  and  thimbles  on  the  lower  side  serve  to  form  the 
connection  with  the  tuyere  pipes. 

I  n  wiitcr-jackcted  lead,  Fig.  308,  or  copper  or  other  non-ferrous  furnaces.  Figs. 
308  [i\\{\  310,  working  with  air  of  atmospheric  temperature,  the  nipple  and  pipe 
wrrc  forFiuTly  joined  by  means  of  a  canvas  bag  soaked  with  alum;  in  recent 
yrars  on  account  of  the  higher  blast-pressure,  sheet-iron  pipes,  provided  with 

'  WimMIuki  tr,  A.  /.  M.  R.,  18Q0-91,  XDC,  369. 
■  Koiliiiikr,  Ircilu  Jahrb,^  ii>99,  p.  133. 
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gates  to  permit  closing  off  the  air,  have  been  substituted.  The  tuyfere  pipe,  at 
first,  was  an  elbow  of  galvanized  iron  with  peep-hole;  later  a  machined  brass 
nozzle  was  attached  to  the  pipe  in  order  to  obtain  a  better  joint  and  thus  reduce 
air-leakage;  in  most  modem  furnaces  a  cast-iron  tuyfere  box,  Figs.  308  and  309, 
'With  blast  inlet  and  outlet,  peep-hole  and  perhaps  a  slag  escape-valve,  is 
screwed  to  the  water-jacket  and  connected  with  the  thimble  of  the  bustle  pipe 
by  a  sheet-iron  pipe.  The  tuyfere  stock  of  the  iron  blast-furnace,  Fig.  247,  is 
!0f  cast  iron  on  account  of  the  preheated  blast  in  common  use.  The  tuyere 
pqie  here  also  is  L-shaped.  It  is  essential  that  the  three  parts,  the  horizontal 
and  vertical  arms  and  the  elbow,  shall  permit  of  being  easily  taken  apart;  hence 
they  are  detached  and  held  together  by  key-bolts.  The  water-cooled  tuyere 
nozzle  reaching  into  the  furnace  for  several  inches  is  usually  bronze. 

221.  The  Chaige. — The  charge  of  a  blast-furnace  is  made  up  of  ore,  flux  and 
fiiel.  Ore  and  flux  should  not  be  fine,  as  fine  material  makes  the  furnace  work 
slowly  and  irregularly,  and  the  blast  causes  a  large  portion  of  the  finest  particles 
to  be  carried  off  by  the  gases  as  flue  dust.  The  most  desirable  proportion  of 
coarse  and  medium-size  material  varies  with  the  size  of  the  furnace  and  the 
character  of  mineral  that  is  being  treated.  The  fuel  commonly  used  is  coke; 
10  special  cases  charcoal,  anthracite  and  non-coking  bituminous  coal  are 
employed;  gaseous  fuel  has  been  tried.  As  regards  inflammability,  charcoal, 
coke  and  anthracite,  stand  in  the  order  given.  Assuming  each  of  these 
fuek  to  be  at  a  red  heat  and  to  be  blown  with  bellows:  the  charcoal  will 
bum  readily,  the  coke  with  some  difficulty,  and  the  anthracite  will  be  blown 
cold. 

The  coke  for  an  iron  blast-furnace  (*.e.,  a  furnace  that  is  high,  has  a  crucible 
of  large  diameter  and  is  worked  with  a  high-pressure  blast),  must  be  denser  and 
stronger  than  that  best  suited  for  the  shorter  and  narrower  copper  or  lead 
furnace.  Charcoal,  which  is  weaker  and  more  porous  than  coke,  will  be  better 
adapted  for  a  small  furnace  that  is  not  high  and  is  run  with  a  low-pressure  blast; 
thus  in  smelting  tin  ores  it  is  the  common  fuel.  In  copper  and  lead  furnaces, 
charcoal  makes  dirty  slags  on  account  of  the  fines  that  it  forms,  and  the  fuel 
consumption  is  higher  than  with  coke,  which  is  due  to  crumbling  and  to  the  fact 
that  the  C  produces  more  CO  than  is  the  case  with  coke;  gases  from  charx^oal 
furnaces  also  run  higher  in  CO  than  do  those  using  coke.  In  the  iron  furnace, 
charcoal  is  used  for  making  special  iron;  the  fuel  consumption  is  usually  higher 
than  with  coke,  but  there  are  on  record  cases  where  it  is  lower.  This  must  be 
due  to  the  physical  condition  of  the  fuels,  as  in  either  case  the  C  burns  to  CO 
before  the  tuyires. 

Anthracite,  which  is  practically  impervious  to  gases,  is  difficult  to  ignite  and 
hence  not  well  suited  for  a  large  tonnage;  further,  its  property  of  decrepitating 
in  the  furnace  gives  rise  to  dirt  troubles,  i.e.,  troubles  arising  from  the  infusible 
and  non-combustible  mixture  of  fine  coal  and  ashes  frequently  formed. 

Lean,  non-coking  coal  behaves  in  a  manner  similar  to  anthracite.  The 
distillation  of  the  vol.  H-C.  in  the  upper  furnace  keeps  this  cool  by  the  heat 
absorbed  in  the  process,  but  the  loss  of  heat  means  a  correspondingly  large  con- 
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sumption  of  fuel  by  the  smelting  process  as  a  whole.    The  experiment  of  Blake' 
of  substituting  natural  gas  for  part  of  the  coke  has  local  interest. 

The  fuel  consumption  of  the  blast-furnace  is  governed  not  only  by  the 
process  and  the  character  of  the  fuel,  but  by  the  altitude,^  and  increases  with  the 
latter.  The  explanation'  of  this  practical  fact  is  foimd  in  the  law  of  mass  action 
according  to  which,  as  applied  to  the  blast-furnace,  the  velocity  of  combustion 
is  directly  proportional  to  the  concentration  of  the  fuel  and  the  air.  The  con- 
centration of  the  solid  fuel  is  constant,  while  that  of  the  air  decreases  with  the 
altitude,  being  directly  proportional  to  the  pressure.  As  the  temperature 
attained  k  proportional  to  the  rate  of  combustion,  and  as  the  lower  pressure  of  a 
high  elevation  will  be  accompanied  by  a  lower  rate,  there  ynll  result  a  lower  tem- 
perature which  has  to  be  corrected  by  an  additional  amount  of  fuel.  The 
amount  of  fuel  theoretically  required  to  carry  on  a  smelting  operation  can  be 
calculated  from  the  thermal  balance  sheet.  The  actual  fuel  consumption  is 
greater  and  is  a  matter  of  experience.  It  is  expressed  in  different  ways.  The 
iron  blast-furnace  man  makes  the  product  the  unit  and  speaks  of  requiring  a 
certain  weight  of  fuel  (±1  ton)  per  ton  of  pig  iron;  the  copper  smelter  and 
foimdry  man  make  the  fuel  the  unit;  the  former  uses  the  ratio  of  weight  of 
charge  smelted  (12  :  i)  and  the  latter  the  ratio  of  weight  of  pig  iron  melted 
(6:1)  per  unit  weight  of  fuel;  the  lead  smelter  expresses  his  fuel  consumption 
in  percentage  of  weight  of  charge  (13  per  cent.  fuel). 

Calculation  of  Charge. — In  a  blast-furnace,  the  SiOa  and  bases  of  ores 
and  fluxes  have  to  be  balanced  in  such  a  manner  as  to  furnish  a  slag  of  the 
right  composition.  Beside  composition,  the  right  amount  of  slag  necessary  to 
protect  or  cover  the  metal  product  has  to  be  considered.  As  composition  and 
quantity  are  matters  of  pragtical  experience,  precedent  serves  as  a  general 
guide.  The  usual  calculations  embody  one  of  the  following  three  modes 
of  procedure  in  which  the  slag-forming  constituents  are  apportioned  to 
obtain: 

(i)  A  slag  of  a  definite  silicate  degree;  a  method  not  uncommon  in  smelting 
S-ide  copper  ores  in  which  there  is  much  freedom  of  choice  in  the  percentage  of 
Si02  and  the  character  of  the  bases. 

(2)  A  slag  with  fixed  proportions  of  Si02,  Fe(Mn)0,  Ca(Mg.Ba)0; 
the  socalled  typical  slag  of  the  lead  smelter;  here  there  is  less  leeway  on 
account  of  the  volatility  of  lead  and  the  difficulty  of  preventing  its  scori- 
fication. 

(3)  A  slag  in  which  the  sum  of  the  percentages  of  Si02+Al203  stands  in  cer- 
tain ratios  to  Ca(Mg)0  depending  upon  the  desired  quality  of  the  product; 
a  method  frequently  followed  by  iron  smelters  based  upon  the  assumption  that 
AI2O3  always  plays  the  part  of  an  acid.  In  order  to  avoid  calculations  which 
to  many  are  tedious,  graphical  methods  have  been  substituted.  These  are  in 
place  in  works  which  treat  ores  the  general  character  of  which  varies  little.    The 

>  Tr.  A,  r.  M.  £.,  1886-87,  XV,  661. 

'Lloyd,  Tr,  Met.  Inst.  Min.  Met,y  1909-10,  Lxxxi,   i,  11. 

•  Palmer,  Eng.  Min.  /.,  1906,  lxxxi,  134. 
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leading  methods  are  those  of  Balling,*  Jenkins,*  Wingham,*  Richards/  Hersam,* 
Brown,*  MarshalF  and  Mathesius.® 

333.  The  Process. — Passing  over  for  the  present  the  oxidizing  fusion  in 
pyritic  smelting,  blast-furnace  smelting  is  in  the  main  a  reducing  process.    In 
its  discussion  it  is  convenient  to  treat  separately  the  ascending  gas  current 
and  the  descending  ore  charge.    The  composition  of  the  gases  at  the  tuyeres 
^  vary  with  the  temperature  and  the  amount  of  fuel  present.    In  the  feirous 
or  iron  blast-furnace,  requiring  much  fuel  per  unit  charge,  the  temperature  of 
1400  to  1,500®  C.  will  cause  the  C  to  burn  to  CO,  hence  the  gas-current  at  the 
start  will  consist  of  approximately*  N  64,  CO  34,  H  2  per  cent.  Vol.    As  the 
conrent  rises,  it  cools  and,  acting  chemically  upon  the  charge,  will  change  in 
composition;  CO2  will  appear  and  increase  in  amount;  further,  the  heat  of  the 
gases  will  decompose  carbonates,  hydrocarbons,  hydrates  and  drive  off  hygro- 
scopic water,  so  that  the  gas  arriving  at  the  throat  with  a  temperature  of  200  to 
300°  C  has  been  changed  to  N  60,  CO  24,  CO2  12,  Hj  2,  CH4  2  after  moisture 
and  dust  have  been  removed.     In  a  non-ferrous  (lead  or  copper)  furnace  there  is 
little  fuel  per  unit  charge,  the  temperature  at  the  level  of  the  tuyires  is  about 
1,000®  C,  the  C  burns  to  CO2  and  CO,  so  that  the  current  at  the  start  will  have 
a  composition  of  say  N  79,  COs  10,  CO  10,  H  i.      In  the  furnace  the  deoxidizing 
effect  of  the  gas  as  it  ascends  cannot  be  so  powerful  as  that  in  the  iron  blast- 
Furnace,  as  the  reducing  power  of  CO  is  partly  neutralized  by.  the  oxidizing  power 
3f  COj.    The  percentage  of  CO2  in  the  gases  increases  as  they  rise  in  the  furnace, 
t)ut  less  so  than  in  iron  smelting.    The  gases  decompose  carbonates,  hydrocar- 
bons, hydrates,  and  drive  off  hygroscopic  water;  they  leave  the  furnace  with  a 
temperature  <  200°  C.  and  show,  after  having  been  freed  from  water  and  dust, 
i  composition  of  about  N  73,  CO2  20,  CO  5,  H  i,  CH4  i,  and  contain  perhaps 
;ome  SO2. 

The  gases  from  some  copper  furnaces,  run  with  an  exceptionally  large  volume 
rf  air  to  burn  off  some  S  of  the  charge,  will  be  richer  in  CO2  and  contain  consid- 
erable amounts  of  SO2;  they  will  leave  the  throat  of  the  furnace  at  a  temper- 
iture  higher  than  200°  C;  the  top  of  the  charge  in  fact  is  often  at  a  red 
lieat. 

In  the  ferrous  blast-furnace  the  aim  is  to  reduce  the  whole  of  Fe208  to  Fe;  the 
ilag  formed  is  a  silicate  of  CaO  and  A^Os;  in  the  non-ferrous  furnace  the  aim  is 
to  reduce  the  bulk  of  the  Fe203  to  FeO  that  it  may  combine  with  Si02  and 

*  "Metallurgische  Chemie,"  Strauss,  Bonn,  1882,  p.  99;  translated  in  Roberts- Austen,  W.  C, 
Sarbord,  F.  W.,  "An  Introduction  to  the  Study  of  Metallurgy,'' Lippincott,  Philadelphia, 
t^io,  p.  299. 

«y.  /.  and  St.  /.,  1891,  I,  15. 

*  Op,  cit.y  1892,  I,  233. 

*  "Notes  on  Iron,"  Mass.  Institute  of  Technology,  Boston,  1895,  p.  44. 

*  Tr.  A.  /.  M,  E.f  1901,  XXXI,  340. 
•y.  Can,  Min.  Inst.y  1907,  x,  280. 
'  Min.  Mag.y  1909,  i,  219. 

*  Staid  u.  Eisen,  1908,  xxvin,  11 21. 

•Van  Vlotcn,  StaU  u.  Eisen,  1893,  xiii,  28. 
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enter  the  slag  (a  mixture  of  silicates  of  FeO  and  CaO),  and  reduce  the  rest  only 
to  Fe  which  is  to  combine  with  S  or  As  to  form  matte,  or  speise. 

In  the  descending  ore  charge  one  can  distinguish  four  zones:  preparatory 
heating,  reduction,  fusion  and  combustion;  the  four  combined  form  a  single 
zone  of  heat  interception.     In  the  first,  the  charge  is  freed  from  hygroscopic 
and  chemically  combined  with  H2O,  and  the  fuel  from  its  vol.  H-C;  the  whole  is 
then  brought  to  a  dark-red  so  as  to  be  prepared  for  the  zone  of  reduction.    In  the 
upper  part  of  this  zone  CO^  will  act  upon  all  metallic  oxides  and  C  only  upon 
those  that  are  readily  reduced;  in  the  lower  part  the  reducing  power  of  CO  will  be 
weaker,  that  of  C  stronger.     In  the  zone  of  fusion,  reactions  begun  in  the  second 
zone  will  be  completed  and  reactions  dependent  upon  fusion  carried  through. 
In  the  zone  of  combustion,  the  blast  impinging  upon  the  remaining  coke,  which 
fills  the  furnace  more  or  less  some  distance  above  the  tuy feres  and  is  incandescent, 
burns  it  quickly  and  furnishes  the  heat  and  atmosphere  necessary  for  the  process. 
In  the  zone  of  fusion,^  parts  of  the  slag-forming  constituents  which  have  a  tend- 
ency to  form  eutectic  mixtures  will  fuse,  others  will  only  sinter;  lower  down  the 
melted  poition  will  dissolve  that  which  is  sintered  and  this,  with  increase  of 
temperature,  will  offer  less  resistance  to  becoming  liquefied,  until  some  distance 
above  the  tuyeres  a  slag  of  approximately  uniform  composition  will  have  been 
formed.    This  trickles  through  the  bed  of  coke,  becomes  thoroughly  fluid  and 
collects  in  the  crucible,  where  irregularities  in  composition  are  equalized.    The 
metals  and  metallic  compounds  reduced  by  CO  and  C  and  perhaps  some  other 
agent  such  as  S,  become  liquid,  pass  downward,  undergo  further  chemical  changes 
in  the  descent,  may  be  in  part  volatilized,  reach  the  slag  level,  affect  the  slag 
more  or  less  in  passing  through  it  and  being  protected  from  oxidation  collect  in 
the  internal  crucible.     Metal,  speise,  matte  and  slag  separate  in  the  order  given; 
they  may  act  upon  one  another  at  the  contact  planes,  and  are  finally  withdrawn 
at  two  or  more  levels. 

223.  General  Smelting  Operations.  Blast-furnaces. — In  the  management 
of  blast-furnaces  there  are  certain  operations  which,  although  they  may  vary  in 
detail,  are  common  to  all:  warming,  blowing-in,  feeding,  tapping,  blowing-out, 
correcting  irregularities,  iVicluding  banking.  Only  the  general  features  are  dis- 
cussed here. 

Warming. — The  brickwork,  especially  that  which  is  exposed  to  a  high 
tem])erature,  must  be  slowly  warmed  in  order  to  drive  off  the  moisture  gradually, 
as  otherwise  the  joints  will  open.  The  fuel  is  burned  either  in  a  temporary  fire- 
place'' or  in  the  crucible.  In  the  latter  case  it  is  essential  that  the  ashes  be 
removed  at  short  intervals,  as  they  are  poor  conductors  of  heat.  The  excessive 
draft  of  the  shaft  is  checked  by  partly  closing  the  throat  or  by  admitting  false 
air.  Wanning  requires  several  days  with  small  furnaces,  and  several  weeks 
with  large  furnaces. 

'  Krdiulion  !)>•  II:  (ilascr,  Zt.  anorg.  Chcm,^  1903,  xxx\'i,  i.  Reduction  of  oxides  by 
CO,  II,  Nll.i,  ('II4:  I'ay-StTkcr-Uini.'-FcTgusion,  Brooklyn  Polyt.  Eng.,  1910,  X,  72;  En§, 
ht'ni.  ./.,  i«)i  I,  xei,  4i>(). 

■  Siv  aKo  ('.  DoolitT.  *TliysikaHsch-chcmischc  Mineralogie,"  Barth,  Leipsic,  1905,  p.  127. 

■SwcflMT,  7>.  .1.  /.  M.  /•:.,  ioi-\XLiv,  105. 
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Blowing-in.' — ^A  furnace  is  usually  filled  to  the  top  before  the  blast  is 
started  that  the  ascending  gases  may  warm  the  charges;  the  engine  is  run  at  first 
as  slowly  as  possible  in  order  to  produce  a  small  volume  of  gas  which,  rising 
slowly,  gives  up  its  heat  almost  entirely  to  the  cold  charges.     The  principle  fol- 
lowed in  filling  is  to  start  with  excess  fuel  and  easy  smelting  material  and  work 
toward  normal  fuel  and  ore  charge.     Thus,  beginning  with  kindling,  this  is 
followed  by  dry  cord  wood,  charcoal  and  coke.     The  fuels  should  be  accom- 
panied by  the  fluxes  necessary  to  slag  the  coke  ashes     As  the  most  readily 
fusible  material  is  slag,  the  first  charge  or  charges  should  consist  entirely  of  slag; 
the  slag  is  gradually  replaced  by  ore  and  flux  until  the  normal  charge  has  been 
reached.    The  ratio  of  fuel  and  charge  is  at  first  above  normal  and  slowly 
decreases  to  normal.     Fig.  314  Olustrates  the  principle.     The  heated  crucible 
is  filled  to  above  the  tuyeres  with  kindling  (wood,  char- 
coal); this  is  followed  by  a  heavy  bed  of  coke  with  the  neces- 
sary flux;  above  this,  the  vertical  and  inclined  lines  indicate 
three  divisions  standing  for  normal  coke  with  its  flux,  slag, 
and  ore  with  its  flux.    The  horizontal  lines  represent  the 
separate  charges:  line  ab  shows  that  the  normal  quantity  of 
coke  has  to  melt  only  slag,  hence  it  is  in  excess  of  what 
would  ordinarily  be  required;  at  cd  some  of  the  slag  has 
been  replaced  by  ore  and  flux;  at  fg  the  blowing-in  charges 
have  been  stopped,  and  the  regular  ore  charge,  normal  coke 
with  given  weight  of  ore  and  flux,  have  been  reached.     The 
kindling,  after  having  been  ignited,  may  be  allowed  to 
bum  some  time  with  natural  draft,  but  usually  the  blast 
is   turned  on   at   once.     The  temperature  of  the  melted 
material  withdrawn  from  the  furnace  at  the  beginning  is 
below  normal,  but  rises  gradually  as  the  smelting  progresses. 

Feeding. — In  the  old  small  square  or  oblong  brick  furnaces  which  had  no 
water-cooling  and  tuyeres  only  at  the  back,  the  fuel  was  fed  toward  the  front  and 
the  ore  charge  toward  the  back,  forming  a  pair  of  vertical  columns.  The  main 
object  of  charging  in  this  manner  was  to  protect  the  brick  walls,  as  the  smelting 
took  place  more  in  the  center  than  along  the  sides.  The  method  is  wasteful 
in  fuel  and  furnishes  an  imperfect  reduction,  as  the  gases  ascend  mainly  in  the 
fuel  column.  It  has  been  replaced  by  feeding  fuel  and  ore  charge  alternately 
in  horizontal  layers,  fuel  going  in  first  with  the  non-ferrous,  and  last  with  the 
iron  blast-furnaces.  The  quantity  fed  at  a  time  increases  with  the  area  of  the 
throat;  the  permissible  minimum  is  governed  by  the  amount  of  fuel  which  is 
necessary  to  form  a  distinct  layer  upon  the  preceding  ore  charge.  In  order  to 
ascertain  this,  a  wooden  frame,  about  6  in.  high,  shaped  to  the  form  of  the 
throat  is  filled  with  coke;  its  weight  will  represent  the  smallest  permissible 
amount.^    There  is  an  advantage  in  having  large  charges,'  as  the  gases  can  pass 

*  Sweetser,  loc,  cit.^  for  iron  blast-furnaces. 
'Hahn,  Tr,  Inst.  Min.  Met.,  1899-1900,  viii,  267. 
'  Dwight,  Tr,  A.  I,  M.  JE.,  1902,  xxxii,  363. 
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readily  through  the  coke,  while  this  is  not  probable  with  the  ore;  with  a  thick 
fuel  bed  they  therefore  can  be  distributed  over  the  whole  furnace  area  when- 
ever they  have  been  forced  through  the  denser  ore  charge  bdow. 

Special  attention  has  to  be  paid  to  the  distribution  of  the  coarse  and  fine  parts 
of  a  charge.  As  the  gases  have  a  tendency  to  travel  upward  along  the  sides  of  a 
furnace,  feeding  fine  parts  along  the  side  and  coarse  parts  toward  the  center  will 
cause  them  to  ascend  more  evenly.  Furnaces  are  fed  by  hand  or  mechanically. 
Shoveling  in  the  weighed  charge  from  the  side  is  more  favorable  to  conect  dis- 
tribution of  coarse  and  fine  than  feeding  by  hand  from  the  top,  as  in  throwing  a 
shovelful  of  material  into  the  furnace,  the  coarse  will  travel  farther  than  the 
fine.  As  the  charges  descend  more  quickly  in  the  center  than  at  the  sides, 
mechanical  feeding  has  to  be  so  contrived  that  a  new  charge  shall  strike  the  pre- 
ceding one  at  the  side  of  the  furnace  in  order  that  the  coarser  parts  may  roll 
down  the  inclined  surface  and  collect  toward  the  center  leaving  the  fines  at  the 
sides. 

Furnaces  with  open  tops,  such  as  lead  and  copper  furnaces,  were  formerly  fed 
exclusively  by  shoveling;  in  recent  years  the  charges  of  large  furnaces  arc 
dumped  from  charge-buggies  either  from  the  sides  or  from  the  top.  In  the  iron 
blast-furnace  with  its  closed  top,  the  usual  method  of  dumping  the  contents  of 
the  charge-buggies  by  hand  has  been  replaced  in  many  instances  by  mechanical 
means,  which  docs  away  with  all  manual  labor  (top  filler)  on  the  feed  floor. 

Tapping. — The  manner  of  withdrawing  the  smelted  charge  from  the  furnace 
depends  upon  the  disposition  of  the  crucible.  In  copper,  lead  and  other  non- 
ferrous  furnaces  there  is  danger  of  the  slag  carrying  along  with  it  particles 
of  matte.  The  slag  therefore  is  made  to  flow  through  settling-pots  before  it 
either  goes  in  waste-slag  cars  to  the  dump  or  is  granulated.  In  the  iron  blast- 
furnace there  is  no  necessity  for  such  devices;  the  slag  (cinder)  goes  straight 
into  cinder  cars.  The  disposition  of  metal,  speise  and  matte  varies  too  much 
to  be  considered  here. 

Blowing-out. — A  furnace  is  blown  out  on  account  of  lack  of  charging  mate- 
rial, or  of  accidents  which  cannot  be  remedied  in  a  given  time,  or  for  business 
reasons.  Under  normal  conditions  the  length  of  a  campaign  varies  from  a  week 
lo  several  years,  depending  upon  the  character  of  the  charge  and  the  furnace. 
The  common  method  of  blowing-out  is  to  give  some  slag  charges  to  replace  the 
last  ore  charge,  to  allow  the  charges  to  sink  and  diminish  the  blast  gradually. 
It)  close  at  the  same  time  the  flue  or  pipe  which  usually  carries  off  the  furnace 
gases,  and  to  allow  tlu^e  to  pass  off  into  the  open.  When  the  charge  has  sunk 
lo  a  eerlain  distance  above  the  tuyeres,  which  varies  with  the  size  of  the  furnace, 
the  blast  is  stoj>j>etl,  the  tuyeres  are  withdrawn  and  the  openings  closed;  the 
liciuid  contents  are  tapped,  the  front  of  the  furnace  is  broken  into  and  the  solid 
part  raked  out. 

CoKRi  r  hm;  Irrfgvi.aritifs. — .\  furnace  is  in  normal  working  order  when  it 
gives  the  re«|uired  tonnage,  when  (O  at  the  feed  floor  the  charges  descend  regu- 
larly.  the  tiinperature  of  the  thrivit  is  right,  the  gases  pass  off  uniformly  and  have 
the  correi  t  i  lunpv^sition,  and  {2)  on  the  furnace  floor,  the  cooling  water,  the  blast 
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pressure,  and  the  appearance  of  the  tuyeres  show  little  variation  and  the  products 
are  even  as  regards  quality  and  quantity.  If  a  furnace  working  normally  has  to 
be  stopped  for  a  time,  i.e.,  to  be  banked,  it  is  fed  with  blowing-in  charges  and 
run  until  these  appear  before  the  tuyeres;  now  the  liquid  material  is  tapped,  the 
tuyeres  are  withdrawn  and  their  openings  closed,  and  the  stream  of  cooling  water 
k  diminished.  Iron  blast-furnaces  are  thus  held  for  months,  other  furnaces  for 
much  shorter  periods.  If  the  furnace  has  to  be  stopped  suddenly  on  account  ot 
floods,  strikes,  etc.,  the  liquid  material  is  tapped  and  the  furnace  closed  up.  In 
this  condition  a  furnace  may  be  held  only  about  one-quarter  the  time  that  is 
permissible  when  the  necessary  preparation  was  possible.  The  correction  ol 
disturbances  in  the  regular  working  caused  by  a  chill,  by  hanging  and  irregular 
descent  of  charges,  faulty  fluxing,  etc.,  are  made  to  suit  individual  cases;  the 
remedies  hardly  involve  principles  that  admit  of  a  general  discussion. 

224.  Reverberatoiy  Smelting  Furnaces  in  General  (5167), — These  furnaces 
are  of  more  recent  origin  than  blast-furnaces,  having  come  into  existence  in 
the  17th  century  (Barba,  1640).  They  are  best  classified  according  tp  the  fuel 
used  as  being  fired  with  ordinary  solid  fuel,  fuel  dust,  liquid  and  gaseous  fuel;  a 
secondary  point  of  view  is  the  mobility  of  the  hearth  which  usually  is  stationary, 
but  in  some  instances  has  been  made  tilting  (Campbell,  Wellman),  oscillating 
(Roe),  and  even  revolving  (Danks). 

iln  furnaces  fired  with  solid  fuel  the  highest  temperature  attainable  is  about 
1,500"  C.  For  higher  tem[>eraturcs  prehealed  gaseous  fuel  and  preheated  air 
become  a  necessily;  natural  gas,  which  cannot  be  preheated  without  being 
decomposed,  enters  the  furnace  at  ordinary  temperature,  but  furnishes  with 
preheated  air  the  required  temperature  on  account  of  its  high  calorific  power. 
The  first  consideration  with  a  reverberatory  furnace  is  the  capacity  of  the 
hearth  required  for  doing  economic  work;  the  second  is  the  necessity  of  obtaining 
the  temperature  demanded  for  smelting.  The  latter  is  governed  by  the  calo- 
rific power  of  the  fuel,  by  the  correct  pro]>ortioning  to  the  hearth  of  the  apparatus 
used  for  burning  the  fuel,  and  by  the  appliances  for  furnishing  the  needed  air 
and  for  withdrawing  the  products  of  combustion. 

225.  Reverberatory  Smelting  Furnaces  Fired  (Direct)  with  Solid  Fuel  {Fig, 
248). — The  leading  parts  are  the  fire-box,  the  fire-bridge,  the  hearth  and  the  flue 
leading  to  the  stack.  The  form  (^151)  of  the  gralc  in  llief  re-box  depends  upon 
the  kind  of  fuel  that  is  to  be  burnt.  It  is  worked  with  natural  or  forced  drafL 
With  the  present  tendency  to  increase  the  size  of  the  hearth  forced  draft  has 
in  many  cases  replaced  natural  draft.  Forced  draft,  however,  has  the  great 
disadvantage  that  the  intense  local  action  of  the  heat  causes  the  ashes  of  the 
coal  to  form  large  massive  clinkers,  the  removal  of  which  during  "grating" 
takes  considerable  time  and  correspondingly  diminishes  the  smelting  power  or 
tonnage.  The  heat  generated  on  a  grate,  supposing  the  calorific  power  of  the 
fuel  and  the  draft  to  be  constant,  depends  upon  the  amount  of  fuel  that  is  burned 
per  hour  on  a  square  foot  of  grate  area.     Some  of  the  data  of  Gruner  have  been 

V     given  on  p.  326,     Modern  practice  with  large  furnaces  has  changed  some  of 
■    these  figures;  e.g.,  in  matting  S-ide  copper  ores,  the  usual  figure  given  is  2$  lb. 
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coal  per  hr.  per  sq.  ft.  grate  area;  Montana  reverberatories^  burn  42  to  54  lb.  or 
nearly  twice  the  amount.  The  reason  for  this  diflference  is  that  the  old  small 
furnaces  were  built  with  a  view  of  low  fuel  consumption;  the  large  modem  fur- 
naces, on  the  contrary,  aim  to  burn  fuel  as  quickly  as  possible  to  obtain  high 
smelting  power,  and  thus  to  utilize  the  heat  as  effectively  and  economically  as 
conditions  warrant.  The  fire-box  is  lined  with  fire-brick,  rich  in  AljOi.  This 
will  resist  the  corrosive  action  of  the  clinkers  better  than  the  one  rich  in  SiCV 

The  fire-bridge  separates  the  grate  from  the  hearth.     The  distance  from  the 
grate  bars  to  the  top  of  the  fire-bridge,  i.e.,  the  depth  of  the  grate,  is  alwa}-s 
large  in  smelting  furnaces  (say  3  ±  ft.)  as  compared  with  roastmg  furnaces, 
because  the  action  of  the  flame  has  to  be  reducing  rather  than  oxidizing,  and 
because  depth  furnishes  room  for  a  bed  of  clinkers  which  warm  the  incoming 
air  and  prevent  fine  fuel  from  falling  through  the  spaces  betw^een  the  grates. 
The  distance  from  top  of  the  fire-bridge  to  the  hearth  depends  upon  the  de- 
sired action  of  the  flame;  it  is  higher  in  roasting,  when  the  flame  is  to  travel  along 
,  the  roof,  than  in  smelting,  when  it  is  to  be  kept  dose  to  the  charge  and  heat  by 
radiation  as  wtU  as  by  more  or  less  contact.    The  fire-bridge  has  to  resist  the 
heat  of  the  flame,  the  corrosive  action  of  the  clinkers  and  the  charge,  and  the 
longitudinal  thrust  of  the  hearth.     The  material  used  is  therefore  a  high-grade 
fire-brick;  further,  the  bridge  is  usually  made  hollow  that  it  may  be  cooled  either 
by  a  current  of  air  or  by  a  stream  of  Water  flowing  through  a  jacket.    In  small 
furnaces  the  longitudinal  thrust  of  the  hearth  need  not  be  especially  considered; 
in  medium-size  furnaces  it  is  taken  up  by  a  heavy  iron  plate  or  by  a  cast-iron 
box-girder  or  by  I-beams.    The  stress  may  be  thus  transferred  either  through 
the  walls  of  the  fire-box  to  its  buckstays  and  tie-rods,  or,  better,  taken  up 
directly  by  buckstays  and  tie-rods  of  the  main  body  of  the  furnace.     In  large 
furnaces  the  last  method  is  used  exclusively;  this  makes  the  body  of  the  furnace 
independent  of  the  fire-box  as  it  should  be.     The  area  of  flue  above  the  fire- 
bridge is  about  half  that  of  the  grate  area. 

The  hearth  which  extends  from  the  fire-bridge  to  the  chimney  flue  has  various 
shapes  and  sizes.  In  small  and  medium-sized  furnaces  it  is  usually  oval  with 
the  broader  end  at  the  bridge;  in  large  furnaces  the  main  body  is  oblong;  the 
ends  are  somewhat  contracted  toward  the  bridge  and  very  much  so  toward  the 
flue.  The  flame  passing  over  the  fire-bridge  expands  upon  entering  the  hearth 
that  it  may  have  free  development;  in  order  that  its  high  temperature  may  reach 
the  flue  end,  the  hearth  has  to  be  narrowed  and  the  roof  at  the  same  time  lowered. 
The  width  is  limited  by  the  necessity  of  all  parts  of  the  hearth  being  accessible 
with  tools  introduced  through  the  working  doors,  and  by  the  difficulty  of  sup- 
porting a  flat  arch;  the  length  by  the  indispensability  of  attaining  the  required 
smelting  temj)craturc  at  the  flue  end.^ 

The  hearth  area  must  stand  in  a  certain  ratio  to  the  grate  area  for  a  given 

*  Peters,  E.  D.,  "Principles  of  C'o|)j)er  Smelting/'  Hill  Publishing  Co.,  New  York,  1907, 
p.  i8q. 

*  The  largest  reverberatory  smelting  furnace  is  probably  that  of  Anaconda  for  smelting 
S-ide  Cu  ores,  19X116  ft. 
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I  temperature.     SlricUy  speaking,  it  is  the  ratio  of  volume  of  laboratory  to 
Iquatitity  of  fuel  burnt,  or  the  number  of  calories  generated,  per  hour.    As  the 
r  height  of  the  arch  above  the  hearth  shows  little  variation,  the  simpler  ratio  is 
'  sufficient  for  all  purposes.     Griiner,'  gives  the  following  values  for  hearth  areas, 
assuming  the  grate  area  to  be  i :   steel-melting  furnace  0,8  to  1.2;  puddling 
furnace  2.0  to  2.$;  reheating  furnace  (muck-bar  packets)  2.0  to  2.5;  air  furnace 
(foundry)  2.5  to  3.0;  copper-refining  furnace  4.0;  copper  matting  furnace  5,0  to 
6.0;  black  copper  smelting  furnace  4.5;  lead  smelting  furnace  (roasting  and  re- 
action) 8.0  to  lo.o;  tin  smelting  furnace  5.o  to  7.0.     The  ratios  given  in  1875 
have  been  changed  in  many  instances  by  improved  practice;  striking  examples 
are  found  in  the  matting  of  copper  ores  and  in  the  refining  of  copper. 

The  hearth  rests  upon  a  foundation  built  up  solidly  when  it  is  essential  to 
I  keep  it  as  hot  as  possible,  as  in  matting  S-ide  copper  ores;  when  this  is  not  the 
t  case,  air  vaults  are  erected  underneath,  and  the  air  passing  through  them  is  con- 
j  ductedunderneath  the  grate  bars  (older  constructionsof  copper  mattingturnaces) 
'■  or  into  the  laboratory  of  the  furnace  to  increase  the  oxicUzing  effect  of  the  flame, 
as  in  the  fining  of  copper;  in  cases  where  it  is  essential  that  the  hearth  be  kqjt 
cool,  as  in  the  open-hearth  steel  furnace,  it  is  erected  oniron  plates  supported  by 
an  elevated  steel  structure.     Water  cooling  of  the  bottom  has  been  tried,  but  was 
found  to  abstract  too  much  heat;  water  cooling  of  the  sides  and  ends  is  not  uncom- 
mon with  lead  softening,  refining,  and  cupelling  furnaces  to  counteract  the  cor- 
rosive action  of  PbO  and  cf  some  of  its  compounds.     The  material  of  the  work- 
ing bottom  is  chosen  to  suit  the  corrosive  action  of  the  charge.    Thus  copper 
and  acid  open-hearth  furnaces  have  a  silica  bottom  that  is  burnt  in,  the  air  fur- 
nace in  iron  foundry  work  has  a  rammed  sand  bottom,  the  basic  open-hearth 
steel  furnace  a  bottom  of  calcined  dolomite  that  used  to  be  rammed  in,  but  now 
is  burnt  in;  the  lead  cupelling  furnaces  have  a  hearth  rammed  with  marl,  cement 
or  bone  ash,  the  lead  reverberatory  smelting  furnaces  a  bottom  of  fused  gray 
slag  or  puddle  cinder;  the  lead  softening  or  refining  furnace  a  hearth  of  fire- 
brick rich  in  AljOj  or  of  bauxite  brick,  etc.     Bottoms  burnt  In  have  been 
termed  monolithic. 

A  single  stationary  roo/ usually  covers  both  the  fire-place  and  the  hearth;  its 
highest  point  is  above  the  fire-bridge;  it  then  slopes  more  or  less  gradually  to 
the  lowest  point,  which  is  above  the  flue.  The  arch  is  cylindrical;  flat  arches 
appearing  cylindrical  are  formed  by  the  combination  of  the  arcs  of  several  circles. 
The  main  axis  of  the  roof  usually  runs  parallel  with  the  sides,  rarely  parallel 
with  the  ends  of  a  furnace;  the  former  arrangement  gives  a  stronger  structure, 
as  the  sides  carrying  the  skew-backs  form  a  better  support  than  the  ends;  the 
latter,  however,  are  of  a  more  uniform  temperature.  The  rise  of  the  arch  is 
0.5  to  1,0  in.  per  foot  of  span.  In  some  instances  the  roof  is  made  movable  as 
in  crucible-steel,  mall  cab  leizing,  ingot-soaking  furnaces;  it  is  then  built  in 
r  sections  with  the  bricks  held  together  by  heavy  iron  clamps,  or  laid  in  iron 
I  irames.  The  roof,  usually  9  in.  thick,  h  either  of  fire-brick  or  silica  brick;  the 
I  bricks  form  a  single  course  and  are  laid  parallel  with  the  sides  of  the  furnace. 
■  TiaiU  de  MftaUurgic,  i,  169. 
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The  inner  side  walls  are  of  high-grade  fire-brick  or  magnesite  brick,  the  outer 
walls  of  an  inferior  quality  of  fire-brick  and  sometimes  of  red  brick. 

The  flue  is  separated  from  the  hearth  by  the  flue  bridge.  The  section  of  the 
flue  is  small,  having  an  area  from  i/6  to  1/4,  and  more  recently  to  1/2  that  of 
the  grate  area.  This  narrowing  of  the  flue  tends  to  check  the  draft;  it  has,  how- 
ever, the  advantage  that  the  gases  traveling  quickly  keep  it  hot  for  a  long  dis- 
tance and  thus  reduce  the  loss  of  heat  by  radiation  from  the  hearth.  Making 
the  flue  area  smaller  than  the  chimney  area  seems  a  doubtful  practice;  it  is  more 
economical  to  leave  space  for  a  damper  to  be  used  when  occasion  arrives.  The 
heat  of  the  gases  issuing  from  the  flue  is  utilized  for  raising  steam,  drying  mat^ 
rials,  heating  air,  etc.)  before  the  gases  are  allowed  to  enter  the  chimney. 
Chimney-draft  is  taken  up  in  §311. 

Ironing. — A  furnace  has  to  resist  the  pressure  of  a  heavy  roof,  and  the  expan- 
sion of  the  bottom  and  of  the  brickwork  in  general  when  it  is  heated.   The 
thrust  acting  both  sideways  and  endways  is  taken  up  by  buckstays  (rails  or 
I-beams,^  steel  trusses  set  vertically  against  the  sides  and  ends  of  the  furnace) 
and  tie-rods  which  connect  tops  and  bottoms  of  opposite  pairs  of  bucksta>'s 
(Fig.  248).    In  order  to  prevent  overheating  and  thus  diminish  the  danger  of 
bending,  buckstays  have  been  backed  with  asbestos  board.    In  modern  furnaces 
with  a  bottom  built  up  solidly,  the  lower  tie-rod  has  been  given  up,  as  becoming 
heated  it  fails  to  serve  its  purpose;^  the  lower  end  of  the  buckstay  is  imbedded 
in  heavy  stone  or  slag  block.    The  polished  cross-section  of  a  broken  tie-rod  of 
an  Anaconda  matting  reverberatory  furnace^  showed  only  a  few  large  crystals  of 
ferrite  instead  of  the  usual  fracture,  because  of  the  prolonged  annealing.^    The 
tie-rods  pass  either  through  holes  in  the  buckstays  when  they  are  threaded  at  the 
ends  and  tightened  with  nuts,  or  they  have  loops  which  enclose  the  ends  of  the 
buckstays;  the  rods  then  are  provided  with  turnbuckles.     Encasing  a  furnace 
with  soft-steel  or  cast-iron  plates  distributes  the  pressure  more  evenly  and  per- 
mits using  a  smaller  number  of  buckstays  with  stronger  tie-rods  than  k  other- 
wise permissible,  but  an  iron  casing  radiates  more  heat  than  does  brickwork. 
In  most  instances  only  the  weakest  parts  are  fortified  by  cast-iron  plates,  iron 
rails,  I-beams  imbedded  horizontally  in  the  brickwork  backing  against  the 
buckstays.     In  building,  the  masonry  is  placed  against  the  iron  work  and  not 
vice  versa.    In  warming  up,  care  must  be  taken  to  loosen  the  tie-rods  as  the 
masonry  expands;  in  cooling  down,  to  tighten  them  again. 

226.  Reverberatory  Smelting  Furnaces  Fired  with  Fuel  Dust,  Oil  or  Gas.— 
These  have  no  separate  fireplaces,  but  the  fuel  with  the  necessary  air  enters 
the  laboratory.  The  discussion  of  the  laboratory  and  hearth  of  furnaces  fired 
with  solid  fuel  applies  to  this  class  with  the  exception  that  the  ends  of  the  oblong 
hearth  often  are  not  contracted  as  is  the  case  when  ordinary  solid  fuel  k  used- 

The  principles  and  the  leading  apparatus  for  burning  these  fuels  have  been 

*  Granbery,  Eng.  Min,  /.,  1905,  lxxx,  487. 

•  Hofman,  Tr,  A.  /.  M.  E.,  1904,  xxxw,  298. 

•  Sample  examined,  1907. 

*  Campbell,  Metallurgic,  1907,  w,  808. 
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reviewed  in  §107  (pulverized  fuel),  §153  {liquid  fuel),  and  §155  (gaseous  fuel). ' 
Fuel  dust,  which  is  used  commonly  in  burning  Portland  cement  mixtures,  ha» 
been  applied  only  in  recent  years  in  reverberatory  smelting  furnaces  for  matting 
copper  ore  and  puddling  pig  iron.    Liquid  fuel  has  been  used  for  a  number  of 
years  in  the  Western  oil  fields  and  the  countrj'  contiguous  to  them.    A  peculiar 
form  of  reverberatory  furnace  for  fusing  metals  and  alloys,  to  which  only  brlel  I 
allusion  can  be  made,  is  that  designed  by  Schwartz':  an  onion-shaped  steel  cham-  * 
ber  lined  with  fire-brick  and  mounted  on  hollow  trunnions  through  which  pass 
the  oil-burners.    The  charge  is  introduced  through  a  manhole  at  the  top,  closed 
during  a  fusion,  and  the  metal  poured  near  the  bottom  through  a  spout  which 
serves  also  as  flue  for  the  escape  of  the  products  of  combustion.    Gaseous  fuel, 
especially  producer  gas,  is  the  leading  fuel  of  the  steel  industry.    As  the  sec- J 
ondary  air  is  always  preheated,  furnaces  fired  with  gaseous  fuel  will  be  taken  | 
up  in  connection  willi  preheating  (§321)  fuel  and  air. 

327.  The  Charge  and  Process. — Reverberatory  smelting  furnaces  5 
treat  ores,  metals,  alloys  and  metallic  compounds.  The  ores  are  usually  finely  I 
divided,  while  metals,  alloys  and  metallic  compounds  are  charged  in  pieces  (A  1 
varying  sizes  and  even  in  the  liquid  state.  The  atmosphere  in  the  furnace  is  on  J 
the  whole  more  oxidiz.ing  than  reducing ;  the  reverberatory  furnace,  therefore,  will 
be  used  only  for  the  reduction  of  oxides  which  readily  give  up  their  O  and  the  re-  i 
suiting  metals  of  which  have  low  melting-points,  as  e.g.,  with  PbO,  SnOj,SbiOt.   ' 

The  management  differs  so  much  with  the  metals  that  are  to  be  recovered 
that  little  can  be  said  that  has  a  general  bearing.  The  warming  and  heating  up 
has  to  be  gradual ;  the  tie-rods  have  to  be  loosened  as  the  brickwork  expands,  the 
charge  may  be  introduced  from  the  side  or  the  top,  intermittently  or  continu- 
ously, by  hand  or  mechanically.  The  liquid  products  may  be  removed  wholly 
or  only  in  part;  some  are  drawn  off  continuously,  others  at  given  intervals  of 
time;  the  gases  passing  off  through  the  flue  carrying  off  dust  and  vapor  may  be 
madd  to  pass  through  dust  chambers  and  condensing  apparatus,  and  their  beat 
may  be  utilized  for  industrial  purposes. 

228.  Closed-vessel  Smelting  Furnaces  (§167). — The  form  of  the  closed- 
vessel  furnace  is  governed  (1)  mainly  by  the  shape  of  the  vessel  which  may  be 
a  crucible,  a  tube,  a  muffle,  a  kettle,  (2)  by  the  number  of  vessels,  and  {3)  by 
the  manner  of  heating, 

329.  Crucible  Furnaces  Heated  with  Solid  Fuel.* — Heating  metal  in  a  cru- 

'  Cass.  -Ifaj.,  1903-04,  XXV,  ji;  Iran  Trade  Rev.,  Oct.  31,  tijoi.xxxiv,  p.  igiOct.  13, 1904, 
xxxvti,  p.  38;  Dec.  10,  1906,  XXXIX,  p.  34. 

■Schmatulk,  E.,  "TicgclOfen,"  Scydd,  Berlin,  1901, 

Buchetti,  J.,  "La  Fondcric  Ae  Cuivre."  B£ranger,  Paris,  1905, 

Wedding,  Verh.  Ver.  Befard.  Gev/crbefl.,  1808.  Lxxiii,  190. 

WOst,  Stahl  u.  Eisen,  1903,  xxiij,  1 130,  nag  {Schmalolta) 

Irresljcrgcr,  op.  cit.,  1904,  xxiv,  169,  153. 

L«dcbur,  A.,  "Lchtbuch  der  Mcchanisch-mctal[ursischcn  Technologic,"  Vicwpg,  Bruns- 
wicL,  190S,  pp.  181-196, 

Kioin,  Met.  Ind.,  1909.  vii.  187,  3)4.  jj8,  404,  436;  igio,  vni,  80:  English  MdUng  Fur- 
MCe*,  Jf«t.  tnd.,  1910,  Vlit,  194. 
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cible  imbedded  in  charcoal  with  the  use  of  blast  reaches  back  into  pr^histIIic 
times.'    About  the  middle  of  the  i8th  century  natural  draft  began  to  repbce 
forced  draft,  and  held  its  own  until  about   1880  when  forced  draft  bcgu 
to  be  used  again  more  generally.    The  solid  fuel  ordinarily  used  is  coke;  oca- 
sionally  anthracite  takes  its  place  and  rarely  charcoal.     The  best  size  for  tht 
coke  is  2  1/4  to  3  1/4  in.,  and  the  space  between  crucible  and  wall  for  successfii 
work  is  3  1/2  in.     Charcoal  being  lighter  than  coke  occupies  a  larger  volumefot 
a  given  weight  of  fuel  and  requires  more  space;  about  double  the  weight  (^  tint 
of  coke  is  required,  as  charcoal  burns  more  to  CO  than  does  coke.    The  amount 
of  fuel  required  for  melting  depends  also  upon  the  size  of  the  charge.    The  sub- 
joined formula^  furnishes  a  means  of  calculating  the  amount  of  fuel  that  is 
necessary:  y  =  --     ,- p  y  ~     ~,    m    which   y  =  weight    of  fuel,  kg.;  if= 
weight  of  metal,  kg. ;  Z,  =  latent  heat  of  fusion,  kg.-cal. ;  Sn  =  mean  specific  hat; 
T'  =  highest  temperature  desired,  "  C;  /=stirtii^ 
temperature,  °C;k  =  constant  depending  upon  the     1 
size  of  the  charge  components;  C J*.  =  the  calorific 
power  of  the  fuel  in  kg.  cal. ;  e  =  the  efficiency  of  tht     ' 
furnace  (3  to  5  per  cent,  without  and  8  to  15  pa 
cent,  with  blast). 

The  ordinary  form  of  crucible*  furnace' 
vith  natural  draft  is  shown  in  Fig.  315.*  Itisbiult 
vith  a  depressed  ash  pit  in  order  to  give  the  top  d 
the  furnace  a  convenient  working  height.    Thefire- 

brick  walls  are  enclosed  by  a  sheet-iron  casing; 

sometimes  an  air  space  is  left  between  the  two  to 

reduce  the  loss  of  heat;  the  grate  bars  are  wrought 

iron;  the  inclined  cover,  an  iron  frame  filled  with 

a  tile,  is  usually  hinged  and  balanced  by  a  weight 

and  chain  or  wire  rope  passing  over  a  pulley  at- 

Fic.  jis.-Ordinary   crud-  ^^^.^^^^  tO  the  wall  or  the  ceLing.     Furnaces,  how- 

ble-furnate   lor    solid    fuel   and  ,  r       1  1        ■        1  .i_  ii 

niiural  draft  e^cr,  are  made  preferably  circular,  as  the  crucible 

is  more  evenly  heated  and  there  is  a  saving  of  fud. 

In   square  furnaces  the   parts  of  the  crucible  opposite  the  corners  become 

hotter  than  those  facing  the  sides,  and  the  fuel  in  the  corners  b  in  part 

wasted;  the  square  form  requires  no  special  brick  and  permits  poking  down 

the  fuel  in  the  corners  with  less  danger  of  injuring  the  crucible.     In  order 

to  keep  the  bottom  of  the  crucible  hot,  it  stands  on  a  fire-brick  support  3  or  4 

in.  thick  and  of  a  diameter  slightly  smaller  than  that  of  the  crucible.    In  the 

'  Beck,  "Die  Cjeschichlc  dcs  Eiscns,"  1,  75. 

»  Stahl.  E.,  "  MctallRipsscrci."  Craz  and  Gerlach,  Freiberg,  1906,  p.  Sj. 
'  Clay-lined  CrudUli-  (rtrujj  World.,  1906, 11,  zji),  Bot lorn-poured  Crucible  [ftP.  dl.,  1906, 
II,  131);  Annealing  Crucible  (Am.  Mf.,  1904,  lxkv,  702;  Care  of  Crucible,  Brass  WerU,  1909, 


'.  307- 


*  Rockwell  Furnace,  ilel.  Ind.,  1909,  v 

*  Sec  also  I"ig.  J^g. 


I  3^4. 
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QlustratioB  the  crucible  is  seen  to  carry  a  refractory  ring^  in  order  to  permit 
niSDg  the  fuel  column  to  the  lower  edge  of  the  flue  to  prevent  the  gases  from 
lushing  into  the  flue,  to  protect  the  rim  of  the  crucible,  and  to  prevent  scrap 
from  falling  into  the  fire.  Table  i6i  gives  some  of  the  leading  facts  about  this 
fmn  of  furnace. 


Table  161.— Diuensions 

OP  Crucible 

Furnaces 

Capacity  o( 
pounds  meul 

Height,  top  of 
grate  to 
bottom  of 
flue,  inches 

Grate, 
teogtb  by 
width, 
inches 

Flue 

Stack 
area 

Stack  height 

60-80 
300 

'J 

XXX 

grate 

itoi 
grate 

30  ft.  or  more  de- 
pending   upon 
draft  desired 

The  leading  disadvantage  of  this  form  of  furnace  is  that  the  crucible  has  to  be 
taken  from  the  fire  after  every  fusion,  which  makes  necessary  small  charges  and 
causes  injury  to  the  crucible  by  the  tongs'  and  by  sudden  cooling.  This 
was  overcome  by  Piat  in  1877*  who,  as  shown  in  Fig.  316,  strengthened  the 
sheet-iroD  casing  and  suspended  the  furnace  by  means 
of  trunnions  z,  having  square  ends,  in  a  cast-iron  frame 
/,  When  a  fusion  is  finished,  the  furnace  is  removed 
with  a  holder*  to  the  mold,  tilted  and  the  metal  cast. 
The  crucible  (  is  kept  in  place  by  means  of  a  tile  m 
which  has  the  necessary  openings  for  feeding  coke,  the 
exit  of  the  gases  anil  the  discharge  s  of  the  metal.  In 
atldition  to  the  advantages  given  above,  the  new  device 
permits  the  use  of  large  charges,  which  does  away  with 
-  the  inconvenience  of  having  several  crucibles  in  one  ~—  ^— 
furnace,  saves  fuel  and  increases  the  life  of  the  crucible.* 

Medium-weight  charges  are  handled  with  a  differ-    ^ic.  316.— Piat  crucible 
ential  pulley  suspended  from  a  traveling  crane.     For  furnace. 

heavy  charges  Baumann^  devised  two  apparatus,  the 

second  and  improved  form  of  which  is  shown  in  Fig.  317.     The  furnace  K, 
pivoted  on  the  bar  H,  rests  with  its  trunnions  C  on  two  supporting  rods  /,  which 

'  Sec  Brass  World,  1909,  v,  191. 

*  Home,  Crucible-tongs,  Foundry,  1908-09,  xxxrn,  69. 

*  Steffen,  SlaU  u.  Eisen,  1890,  x,  iSg. 

*  Duffy,  Brass  World,  1910,  vi,  307. 

»  See  abo  Ideal  Tilting  Crucible  Furnace,  Brass  World,  1908,  iv,  337. 

*  Irresberger,  he.  cil. 

Bucbetti,  of.  cit.,  Plate  m;  SlaU  u.  Risen,  1895,  xv,  1063, 
Eisenbacfa,  SfaM  «.  Eistn,  1898,  xvni,  547. 
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are  connected  by  pin  F  to  end  of  lever  C  with  fulcrum  at  B,  while  the  oUwt,  i 
toothed  sector,  engages  with  pinion  A  rotated  through  worm  gear  Z)  and  rod 
by  means  of  handwheel  E.  Beneath  shaft  B  is  the  ladle  to  receive  the  tnoltcn 
metal.    One  man  has  full  control  of  the  casting. 

Large  furnaces  make  it  necessary  to  work  with  forced  draft  in  (X'der  to  obtaii 
the  air  necessary  for  quick  work.  The  difference  between  natural  and  foKtd 
draft  is  brought  out  by  the  following  data  of  Irresberger.'  An  ordinarj-  furoia 
with  natural  draft  will  melt  aoo  lb.  bronze  with  50  to  60  per  cent  coke  in 
1.5  hr.,  the  crucible  lastii^  25  charges;  a  Piat-Baumann  furnace  will  mii 
350  lb.  in  12  to  18  min.  with  18  per  cent,  coke,  the  crucible  lasting  40  charges, 


ibli  furnace  tilting  dcMC 


and  60  charges  when  protected  b>  a  co\  er,  the  loss  in  either  case  is  about  0.3 
per  cent.  The  powerful  effect  of  the  blast  causes  the  coke  ash  to  slag  which 
obstructs  the  passage  of  the  air.  Two  methods  are  used  for  correcting  this 
evil:  one  is  to  make  easy  the  removal  of  the  clinkers  (the  grating),  the  other 
to  introduce  the  blast  from  the  side.  The  grate  of  the  Piat-Baumann  furnace 
is  shown  in  Fig,  318.  It  consists  of  two  parts,  the  central  casting  which  carries 
the  crucible  support  and  is  forced  against  the  carrier  bars  D  by  means  of  wedges, 
and  the  ordinary  loose  wrought-iron  grate  bars  on  either  side  of  the  casting. 
C'Icanini;  is  ihus  made  easy.  If  a  crucible  has  to  be  removed,  the  carrier  bars 
an-  takfn  out. 

The  sidf-lilown  furnace  of  Rousseau  with  Basse-Selve  improvements*  is 
represent i<l  in  Fig.  310.  The  bhist  enters  an  air  box  surrounding  the  cnidble 
will!  and  tlu-n  the  furnace  through  four  rows  of  tangential  openings.  The  fur- 
nace has  three  openings  fiir  feeding  coke,  and  a  central  funnel  fw-  warming  the 
cliarge  (see  lulowl.  Tlie  furnace  melts  a  6oo-lb.  charge  of  copper  or  brass  in 
40  min.  anil  requires  10  per  cent.  coke. 


1 79;  Reyclbcc  Furnace,  Uet.  tni„ 
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Two  methods  are  in  <^eration  for  tjie  utilization  of  the  heat  of  the  waste 
gases:  preheating  the  air  by  means  of  a  recuperator,'  and  heating  the  charge 
either  by  running  two  furnaces  in  tandem,*  the  gases  from  the  melting  furnace 
passing  through  the  warming  furnace  on  their  way  to  the  stack,  or  by  placing  a 
funnel-shaped  preheater  over  the  crucible  and  having  the  gases  ascend  through 
it.'    The  last  method,  started  by  Piat,  has  found  much  favor. 

Two  forms  of  Piat-Baumann  furnaces  are  given  in  Figs.  310  and  311.  Fig. 
330  represents  the  type*  suited  for  brass  or  metal  of  similar  melting-point.     The 


Fic.  318 


-Grate  of  PuLt-Baumann  crucible-     Fig.  jig. — Side-blown  crucible-Fumace  of 
furnace.  Rousseau  with  Basse-Sclve  Improvements. 


furnace  is  covered  with  a  ring  of  fire-brick  which  carries  the  conical  preheater, 
also  of  firebrick,  with  cone  of  crucible  material.  The  pouring  spout  is  closed  with 
a  clay  plug  to  force  the  gases  to  travel  in  the  direction  of  the  arrows.  The 
mode  of  operating  is:  fill  the  furnace  with  coke,  bring  the  crucible  to  a  red  heat 
(with  a  300-lb.  charge  and  a  7-in,  blast  pipe  the  blast-pressure  is  0.75  in.),  replen- 
ish the  coke,  one-quarter  of  which  has  been  consumed,  charge  into  the  crucible 
large  pieces  of  metal,  put  in  place  the  preheater,  add  the  rest  of  the  charge,  raise 
the  blast-pressure  to  4.75  in,  when  after  3  or  4  min.  the  metal  in  the  pre- 
heater begins  to  fuse;  now  lower  the  pressure  to  0.5  in.  to  reduce  loss  and  in 
10  or  12  min.  the  fusion  is  complete.  The  coke  consumption  is  15  per  cent. 
The  furnace  in  Fig.  321  is  suited  tor  bronze  or  metal  with  high  melting-point. 

>  SchnutoUa,  5f uAJ  ti.  Eiien,  1899,  xix,  115S;  igoo,  xx,  iij6. 

*Brast  World,  15W7,  m,  415. 

'  HorDcr,  Foundry,  1913,  XLi,  113. 

•  WiK,  Coke  Tilting  Furnace,  Mel.  Ind.,  igog,  vii,  436. 
M.  V.  R.,  Brass-melting  Tilling  Crucible  Furnace,  op.  cil.,  p.  loS;  Rockwell  Furnace, 
«>.  eil.,  igio,  vtii,  80. 
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The  main  di£ference  between  the  tiyo  furnaces  is  that  in  the  furnace  of  Fig 
321  theconeof  crucible  material  consists  of  two  parts  separated  by  a  2-in.^ia(t, 
of  which  the  lower  part  is  contracted  to  an  opening  3  1/8  in.  iiidiam.;oiitDpof 
the  furnace  is  placed  the  mold  resting  on  a  pair  of  bars.  The  cast-iroQ  support 
of  the  furnace  shows  the  blast  pipe,  the  wind  box  and  the  ash  pit  The  list 
has  conical  walls;  the  bottom,  rammed  with  sand,  carries  an  iron  plate vith 
U-shaped  handle  to  facilitate  removal  of  metal,  in  case  the  crucible  leaLs,  ol 
ashes  and  of  clinkers.    The  mode  of  operating  is:  bring  the  cnidble  to  a  red 


furnace  wilh  prchcatinp  of  charge. 


F[G.  3?i. — Pinl-Baumann  crucible- 
furnace  uith  prchcatEng  of  charge  and 
warming  of  mold. 


heat  with  a  pressure  of  o.js-in,  water  and  replenish  the  coke  as  above;  charge 
250  g.  pulverized  rIuss,  put  in  place  the  prchcaters,  charge  first  coarser  then 
finer  mctai,  the  metal  of  high  melting-point  (Cu)  coming  last  in  order;  start 
the  full  blast  and  diminish  gradually;  when  fused,  remove  the  preheaters  and 
add  the  necessary  Sn,  Zn,  CujP,  heat  5  min.  more  and  pour.  The  coke  con- 
sumption is  18  per  cent. 

The  mode  of  operating  the  Rousseau-Basse-Selve  furnace,  represented  in  Fig. 
319,  differs  from  that  just  given  in  that  the  metal  is  not  fused  in  the  preheat er; 
thai  the  crucible  is  charged  with  the  bulk  of  the  metal,  the  fine  parts  only  going 
into  the  prchealer,  and  that  the  coke  is  replenished  during  a  melt  through 
openings  in  the  cover. 

FuKL  DUST  is  not  well  suited  for  heating  crucibles  on  account  of  the  slagging 
effect  of  the  ashes. 
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Table  162. — Pbepabatioh  os  Bronze 

With  So  lb.  copper,  time  of 
fusion,  19  min. 


Time, 

Pressure, 

Time, 

Pressure, 

Time, 

Pressure, 

minutes 

in.  water 

minutes 

!n.  water 

in.  water 

1-4 

8 

i-S 

8.7S 

1-6 

9-5 

5-6 

6 

6-8 

6.75 

7-9 

7.*5 

7-8 

5 

9-12 

S  ^S 

10-13 

5-5 

9-i» 

3  S 

13-16 

3  5 

14-18 

3-5 

330.  Crudble  Furnaces  Heated  with  OU.' — They  are  used  m  districts  in 
which  residuum  can  be  obtained  at  a  price  sufhciently  lou  to  comi>ete  with  coke, 
as  liquid  fuel  has  many  advantages  over  sohd  fuel*  (§154)  Both  the  vaporiz- 
ing and  atomizing  methods  (§153) 

of  burning  oU  are  in  operation.  j-  —  ^ ".  'S\ 

The  former  has   been  shown  in  "•■—  '     '  ' 

Figs.  209  and  210.  Fig.  322  rep- 
resents an  oil-fired  crucible  fur- 
nace with  a  single  burner;  the 
flame  is  made  to  impinge  upon 
the  crucible  support.  In  some 
furnaces  there  are  two  burners  set 
tangentiallyin  order  that  the  flame 
may  whirl  around  the  crucible 
and  beat  it  uniformly;  in  others, 
as  in  the  Denver'  and  San  Francisco*  mints,  the  oil,  atomized  by  air  with  a  pres- 
sure of  II  to  16  oz.  furnished  by  a  blower  giving  600  to  700  cu.  ft.  air  per  min.,  is 
burnt  ina  small  chamber  adjoining  the  shaft  holding  the  crucible.  Again, ^  several 
single-burner  furnaces  have  been  combined  in  such  a  way  that  the  gas  from  No.  i 
passes  into  No.  2,  No.  2  into  No.  3,  and  No.  3  into  the  flue.  The  products  of 
combustion  usually  encircle  the  mouth  of  the  crucible  and  carry  off  with  them 


■Oil  6red  crucible  furnace 


'  Teichmann-Bross,  Slahl  u.  Ehen,  tQii 
Krom,  Ma.  Ind.,  igog,  vii,  358,  404. 

*  Bdfidd,  Brass  World,  igog,  v,  39. 
Gourley,  op.  cit.,  igog,  v,  355. 

'Uel.lHd..  igo6,iv,  18;. 

*Durham,  Tr.  A.  I.  M.  E.,  1911, XLII, 

•  Cats.  Mag.,  1903-04,  xxv,  73. 
Exkinples:  Brass  World,  1909,  v,  15  (E 


I,  843,  1049. 
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any  fumes  arising  from  the  charge.    In  the  Crane  furnace^  they  are  drawn 
beneath  the  rim.    The  oil-heated  furnace  can,  of  course,  be  constructed  along 
the  lines  shown  by  Piat,  Baumann  and  Basse-Selve.    Other  examples  of  oil- 
fired  furnaces  are  the  makes  of  Holman  Bros.^  and  the  Hawley  Down-dnft 
Furnace  Co.' 

231.  Crucible  Furnaces  Heated  with  Gas. — Illuminating  gas  and  water- 
gas  are,  as  a  rule,  too  expensive  to  be  used  for  melting  large  amounts  of  metal; 
such  gas-fired  furnaces  are  found  in  laboratories.*  Producer  gas  is  suitable  only 
for  furnaces  holding  several  crucibles,  as  for  economic  work  the  gas  has  to  be 
produced  in  quantities  larger  than  called  for  by  a  single  crucible;  further,  for 
high  temperatures  this  weak  gas,  with  its  60  vol.  of  N,  as  well  as  the  air  have  to 
be  preheated;  this  requires  regenerative  chambers  (§325)  which  are  expensive  to 
build  and  maintain,  and  are  profitable  only  with  continuous  work  as  is  the  case 
in  making  crucible  steel. 

An  innovation   in  the  burning  of  gas  is  the  Bone  flameless  combustion' 
which  looks  promising. 

232.  The  Process. — ^Little  can  be  said  from  a  general  point  of  view  about  the 
process  carried  on  in  a  crucible.  The  main  reason  for  using  an  apparatus  of 
such  low  efiiciency  is  to  protect  the  charge  from  outside  influences,  and  the 
aim  generally  is  to  avoid  oxidation  and  volatilization  (see  Preparation  of 
Alloys,  §43). 

233.  Retort,  Muffle-tube,  Cementation  Ftunaces  (Kettles). — ^The  first  two 
forms  of  closed  vessels  are  ordinarily  employed  when  vapors  are  set  free  during 
the  heating  which  are  to  be  condensed  and  recovered;  tube  furnaces  find  some 
application  in  liquating,  not  so  much  at  present  as  in  former  days;  cementation 
furnaces  are  common  for  carburizing  wrought  iron  and  decarburizing  cast  iron; 
and  kettles  for  melting,  purifying  and  liquating  metals  and  alloys  of  low  melting- 
points.  The  shape  and  refractory  nature  of  the  vessel  differ  so  much  with  the 
character  (ore,  metal,  alloy),  the  size  of  the  charge,  and  the  temperature  re- 
quired that  their  discussion  must  become  an  enumeration  of  examples  which  are 
better  treated  with  the  several  metals.  With  very  few  exceptions  (retorting 
zinc-silver-lead  crusts,  amalgam,  etc.)  there  is  not  in  operation  a  single  retort, 
muf!le,  tube  or  cementation  box;  usually  a  number  of  them  are  grouped  together 
and  heated  from  one  fire.  The  furnaces,  therefore,  usually  resemble  reverbera- 
tory  furnaces,  the  laboratories  of  which  generally  have  more  height  and  less 
length  than  those  of  the  rcverberatories  common  for  smelting.  Nevertheless, 
the  general  principles  of  construction  for  smelting-reverberatories  apply  to  these 
closed- vessel  furnaces;  the  fuel  (solid,  liquid  or  gaseous)  to  be  burnt  p>er  hour 
must  be  adapted  to  the  required  volume  and  temperature  of  the  laboratory, 
and  supplied  with  the  necessary  air. 

*  Illustrated  examples:  Loomis,  Tr.  A.  I.  M.  E.,  1891-92,  xix,  1013  and  1014. 

*  London  Min.  /.,  1908,  lxxxiv,  788. 
'  Met.  Ind.,  19 10,  viir,  313. 

*  Rcardon,  Oil  vs.  Gas,  Met.  Ind.,  19 10,  viii,  212. 

*  Eng.  Min.  J.,   1912,  xciii,   177,  3<x);  .Uf/.  Chem.  Eng.,  1912,  x,  409;  Tr.  A.  I,  M,E., 
1912,  XLlil,  O12.  .  .FiucrungsUrhnik,  1912,  i,  jq,  ()2,  11&. 
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234^  Converters. — Converting  originated  in  1855  with  Bessemer  in  his 
process  for  making  steel  out  of  pig  iron.  This  remained  its  sole  field  until 
Manhis  in  1880  applied  the  principle  of  converting  to  the  production  of  metallic 
Cu  from  matte;  later  its  use  was  extended  to  the  enrichment  of  copper-nickel 
matte  and  nickel  ;natte  to  a  product  containing  respectively  80  per  cent.  Cu-Ni, 
or  Ni,  practically  free  from  Fe. 

A  converter  is  a  cylindrical  iron  vessel  with  conical  hood,  lined  with  refractory 
material.  It  has  an  air  box  from  which  high-pressure  blast  enters  the  cylinder 
through  tuyere  openings  and  oxidizes  part  of  the  liquid  alloy  or  compound 
that  has  been  poured  in  through  the  hood.  The  form  of  the  vessel  and  with 
it  the  manner  of  operating  has  imdergone  many  changes,  both  in  the  produc- 
tion of  steel  and  of  metallic  copper,  or  copper-nickel  matte.  The  lining  of 
the  converter  is  either  acid  or  basic  depending  upon  the  character  of  the  slag 
that  is  to  be  produced.  A  converter  is  either  upright.  Figs.  251  and  252,  or 
horizontal.  Figs.  253  and  254,  depending  upon  the  position  of  the  main  axis  of 
the  cylinder.  Upright  converters  are  either  fixed  or  rotating.  The  fixed  up- 
right converter  is  always  side-blown  (Clapp-Griffith  converter),  i.e.,  the  blast 
impinges  upon  the  metal  but  does  not  pass  through  it.  A  rotary  upright  con- 
verter, i.e.,  one  which  swings  in  a  vertical  plane,  may  be  bottom  blown,  when  the 
blast  passes  through  the  bath  (all  large-size  steel  converters,  Figs.  251  and  252), 
or  side-blown  (most  small-size  steel  converters  (Tropenas)  and  all  matte  con- 
verters. Figs.  253  and  254).  A  rotary  bottom-blown  upright  converter  may  be 
concentric,  t.e.,  receiving  on  one  side  and  pouring  from  the  other.  Figs.  251  and 
252,  or  excentric,  i.e.,  receiving  and  pouring  from  one  side;  when  side-blown  it  is 
always  excentric.  The  horizontal  converter  is  always  rotating,  i.e.,  revolving 
on  its  main  axis,  and  side-blown,  Figs.  253  and  254. 

The  process  of  converting  is  always  oxidizing;  the  rapid  oxidation  in  the 
confined  space  of  the  converter  of  the  constituents  of  the  fluid  charge  which  are 
to  be  removed  furnishes  the  heat  necessary  for  the  process. 

235.  Minor  Operations. — ^Liquating^  means  separating  by  fusion  at  a  low 
temperature  a  metal  or  metallic  compound  from  one  that  is  less  fusible  or,  in 
the  case  of  some  ores,  from  the  gangue.  The  separation  of  metals  by  this 
process  can  only  take  place  when  their  reciprocal  solubility  is  very  small  and 
when  they  do  not  form  a  chemical  compound;  should  they  form  a  eutectic,  this 
would  separate  out  first.  The  process  is  imperfect  even  under  the  most  favorable 
conditions,  as  the  residue  always  retains  some  of  the  separated  metal  or  com- 
pound. It  is  practiced  in  the  purification  (drossing)  of  Cu-Pb,  Fe-Sn,  the 
enriching  of  Zn-Ag-Pb  crust,  the  desilverization  of  Ag-Cu  (obsolete),  the  extrac- 
tion of  native  Bi  and  Sb2S3  from  their  ores.  The  apparatus  used  are  V-shaped 
troughs  (antiquated),  cast-iron  kettles,  presses,  reverberatory  furnaces,  tubes,  etc. 

Crystallizing  is  the  operation  of  separating  from  alloys  that  form  eutectic 
mixtures  the  solvent  metal  by  slow  cooling  and  continuous  stirring.  It  is 
practiced  in  the  Pattinson  processes  and  has  been  suggested  for  purifying 
Pb-Sn. 

*  Friedrich,  Metallurgte,  igo6,  111,  13. 
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Distilling  and  sublimating  is  the  heating  of  an  ore  or  alloy  to  drive 
off  a  volatile  metal  or  metallic  compound  and  collecting  it  in  the  liquid  or 
solid  state.  Thus  Zn,  Cd  and  Hg  are  distilled;  As,  AsjOa,  AsxSy  and  HgSarc 
sublimated;  Ni(C0)4  is  distilled,  but  subsequently  decomposed  and  Ni  depos- 
ited. The  form  of  apparatus  depends  mainly  upon  the  aflSnity  for  0  of  the 
volatilized  part.  If  this  be  small,  as  with  Hg  and  AsjOa,  it  may  be  desirable  to 
admit  O  in  which  case  the  process  becomes  a  volatilizing  roast,  and  the  con- 
denser will  have  to  be  of  large  volume;  if  the  volatilized  part  be  readily  oxidized 
as  in  the  other  cases,  a  closed- vessel  furnace  will  have  to  be  employed,  the 
condenser  will  have  to  be  small  and  care  will  have  to  be  taken  in  heating  the 
furnace  and  in  keeping  the  condenser  at  the  correct  temperature. 

Cementation.^ — This  is  usually  held  to  be  a  process  by  means  of  which  two 
substances  are  heated  in  contact  below  melting  temperature  for  the  purpose  of 
effecting  a  chemical  change.    In  this  sense  it  is  employed  in  two  ways:  in 
making  cement  steel  by  heating  wrought  iron  imbedded  in  charcoal  powder 
(case-hardening)  and  thus  carbonizing  it;  and  in  making  malleable  iron  castings 
by  doing  the  same  with  white  iron  imbedded  in  finely  divided  hematite  (Inall^ 
ableizing)  and  thus  decarburizing  it.     In  olden  times  Ag  was  separated  from  Au 
by  cementation,^  the  contact  substance  being  S,  KNOa,  NaCl.    There  is  another 
and  more  local  use  of  the  term  cementation,  viz.,  the  extraction  of  Cu  from 
sulphide  ore  by  means  of  weathering  and  leaching  followed  by  precipitation  with 
metallic  Fe  (cement  copper). 

236.  Heat  Treatment.' — This  term  is  employed  to  denote  the  heating  of  a 
metal  or  alloy  to  a  given  temperature  below  its  melting-point  and  the  subsequent 
cooling  in  order  to  effect  certain  molecular  changes.  The  cooling  can  be  either 
slow  in  which  case  the  metal  will  be  annealed,  or  sudden  in  which  case  it 
will  be  quenched.  The  purpose  of  annealing  is  to  release  internal  strain  and 
make  a  metal  tough  and  elastic  which  had  been  made  brittle  by  stresses  set  up 
through  mechanical  treatment  or  rapid  cooling  from  a  more  or  less  elevated 
temperature;  also  to  cause  diffusion  of  the  constituents  in  heterogeneous  aUoys. 
The  purpose  of  quenching  is  to  set  up  internal  strains  and  make  a  metal  or 
alloy  hard  and  brittle. 

Metals  that  are  to  be  rolled,  hammered,  etc.,  are  usually  first  heated,  as  the 
mobility  of  the  crystals  is  greater  at  a  high  than  a  low  temi>erature,  and  the 
strain  from  the  mechanical  treatment  correspondingly  smaller.  In  some  in- 
stances it  is  preferable  to  roll  a  metal  cold  and  anneal  at  certain  intervals  in 
the  mechanical  treatment.  Whatever  may  have  been  the  temperature  of  the 
metal  or  alloy  while  it  was  being  hammered  or  rolled,  it  will  resist  fracture  under 

^  Sanp,  Klcctrochcm,  Met.  Ind,y  1909,  vii,  485. 

2  Percy,  J.,  "Mcliillurgy  of  Silver  and  Gold,"  Murray,  London,  1880,  Part  i,  pp.  363,  379, 

'  (luillct,  L.,  "Traitemcnt  thermiqucs  dcs  produits  mctallurgiques,  etc.,"  Dunod-Pinat, 
Paris,  1900. 

Miillcr,  "KfTect  of  Annealing  upon  Some  Non-ferrous  Metals  and  Alloys,"  Metall-En, 
1912-13,  I,  219. 
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stress  better  if  it  receives  a  final  annealing  after  it  has  received  its  final  shape. 
The  temperature  and  time  required  for  the  best  results  in  annealing  vary  with 
the  different  metals  and  alloys.  As  a  rule,  heating  up  to  a  definite  annealing 
temperature  has  to  be  gradual,  and  further,  the  temperature  has  to  be  main- 
tained for  a  considerable  time  to  permit  the  particles  to  rearrange  themselves. 
The  lower  the  temperature  to  which  a  metal  is  brought,  the  longer  will  be  the 
time  required  for  annealing.  During  the  heating  and  annealing  the  metal 
must  be  protected  from  the  effects  of  O,  C,  S,  etc.;  hence  metals  are  often 
annealed  in  muffle  furnaces  or  imbedded  in  sand.  In  case  the  annealing  tem- 
perature is  exceeded,  the  mobility  of  the  particles  becomes  so  great  that  they 
form  large  crystals  which  cause  a  deterioration  of  the  physical  properties;  the 
metal  becomes  fissured,  owing  to  the  expulsion  of  gas  (CO  in  steel)  or  vapor 
(Zn  in  brass),  and  pitted;  the  metal  is  said  to  have  been  "burnt."  If  it  is  de- 
sirable to  retain  some  of  the  hardness  or  brittleness  of  the  original  metal,  this 
may  be  attained  by  keeping  the  temperature  just  below  that  at  which  the  anneal- 
ing would  be  complete.  In  fact,  strains  may  be  in  part  released  by  keeping 
a  metal  for  a  long  time  at  a  temperature  much  below  that  required  for  complete 
annealing.  The  cooling  down  of  the  metal  after  annealing  must  be  gradual  and 
regular.  For  this  purpose  the  metal  may  have  to  be  imbedded  in  a  poor  con- 
ductor of  heat;  ordinarily,  however,  the  firing  of  the  furnace  is  stopped,  the  doors 
are  closed,  and  the  furnace  is  left  to  itself.  After  the  critical  temperature  and 
with  it  the  danger  line  has  been  passed,  the  doors  of  the  furnace  may  be  opened 
again  and  the  further  cooling  of  the  metal  hastened.  Pure  metals  suffer  less 
from  internal  strains  than  alloys;  they  are  burnt  only  at  temperatures  very  near 
their  melting-points.  Alloys  are  very  much  more  susceptible  and  often  have  to 
be  annealed  within  very  narrow  ranges  of  temperature. 

Quenching  is  effected  by  plunging  into  cold  water,  oil  or  other  liquid  a 
metal  or  alloy  that  has  been  brought  to  a  more  or  less  elevated  temperature. 
The  general  effect  is  that  it  approximately  retains  when  cold  the  structural 
conditions  prevailing  at  the  high  temperature  at  which  it  was  held.  In  addi- 
tion, the  sudden  cooling  may  set  up  internal  strains  by  interfering  with  a  nor- 
mal crystallization  because  this  now  has  to  take  place  inside  an  expanded 
space  surroimded  by  more  or  less  rigid  walls. 

The  terms  hardening  (chilling)  and  tempering  are  confined  to  the  heat 
treatment  of  certain  Fe-C  alloys.  Details  of  heat  treatment  can  only  be 
studied  in  connection  with  cooling-  and  freezing-point  or  the  equilibrium  dia- 
gram curves  of  the  several  metals  and  alloys. 


CHAPTER  IX 

HYDROMETALLURGICAL  PROCESSES  AND  APPARATUS 

237.  Introduction. — Two  classes  of  processes  are  included  in  the  general 
heading  of  hydrometallurgyy  viz.,  lixiviation  and  amalgamaiian.  The  mam 
distinguishing  feature  is  the  character  of  the  solvent,  for  this  governs  the  kind 
of  materials  and  of  operations.  Usually  lixiviation  and  amalgamation  are 
carried  on  independently  of  one  another;  in  some  cases,  as  in  thePelatan- 
Clerici,  or  Rieken  (gold)  process  they  are  combined  for  the  solution  of  Auin 
KCN  and  its  precipitation  on  a  Hg  cathode  to  form  an  amalgam. 

Lixiviation  and  amalgamation  followed  smelting  in  the  treatment  of  ores. 
The  property  of  Hg  to  amalgamate  Au  was  known  to  the  Romans;  Au  was 
extracted  by  means  of  Hg  from  ores  as  early  as  the  12  th  century,  and  gold 
mills  were  in  regular  operation  in  the  14th  century.  The  amalgamation  of  Ag 
was  first  practised  in  the  i6th  century;  lixiviation  followed  amalgamation. 
While  the  Cu  from  mine  waters  was  recovered  by  precipitating  with  Fe  as  early 
as  the  14th  century,  leaching  proper  began  probably  with  the  Augustin  process 
in  1843. 

238.  Lixiviation  in  GeneraL — This  embodies  the  separation  of  a  soluble  from 
an  insoluble  by  means  of  a  solvent,  and  the  recovery  of  the  dissolved  substance 
by  precipitation  or  evaporation. 

239.  The  Raw  Material. — This  may  be  an  ore,  a  speise,  a  matte,  a  metal, 
or  an  alloy.  In  an  ore  the  metal,  necessarily  finely  divided,  is  sometiities  pres- 
ent in  such  a  form  as  to  be  directly  amenable  to  solvents  (finely  divided  Au  in 
KCN);  more  frequently  it  has  to  undergo  a  preliminary  treatment.  Usually 
this  is  a  roast  which  may  be  oxidizing  (Te-ide  Au  ores),  sulphatizing  (water- 
leaching  some  S-ide  Cu  ores),  chloridizing  (Cu-bearing  burnt  pyrite,  many  Ag 
ores;  sometimes  weathering  (natural  cementation  of  S-ide  Cu  ores)  serves  the 
puqx)se,  occasionally  the  necessar>'  decomposition  is  effected  in  the  wet  way 
(n^.H*tsch  i>roct*ss).  Leaching  in  comparison  with  smelting  requires  little  fuel 
and  often  gives  a  high  yield;  the  main  expense  lies  in  chemical  reagents,  hence  as 
a  rule  only  low-grade  ores  with  a  gangue  that  is  not  attacked  or  only  slightly 
so  are  subjected  to  this  mode  of  treatment;  the  operation  may  be  carried  on  at 
tlic  mine;  further,  processes  in  which  the  solvent  is  regenerated  are  at  a  pre- 
luiuni.  Speise,  which  resists  ordinary-  solvents,  is  usually  dead-roasted  before 
Wit  troatniont.  Matte  is  sometimes  treated  raw;  usually  it  is  first  subjected  to 
some  roasting  operation  to  eliminate  all  or  part  of  the  S,  and  to  render  the 
metal  ri  adily  soluble.  Metal  or  alloy  is  generally  dissolved  without  any  prc- 
liiuinarv  chenucal  treatment.  In  Si>me  instances  ores  are  leached  raw  in 
lun\p  form;  inmost  cases,  however,  ihey  are  first  reduced  to  a  small  size  as 
is  always  the  case  with  sjHnse  and  matte. 

504 
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240.  The  Solvents. — The  common  solvents  are  H2O  (most  Met.CU  and 
Met.xSOi),  aqueous  solutions  of  gases  (CI  for  Au  and  perhaps  sulphide  ores^^  of 
acids  (cone.  H1SO4  for  Ag,  dil.  H2SO4  for  Cu),  of  bases  (NaOH  for  SnOj),  and  of 
salts  (KCN  for  Au,  Na2S208  for  AgCl,  NaCl  for  CU2CI2);  in  some  instances  gases 
are  made  to  act  directly  (CI  upon  Au  ore  and  melted  Au,  H2S0t  and  air  upon  Cu 
ore).  The  solvents  used  with  ores  are  always  dilute  and  sometimes  slightly 
warm;  speise  and  matte  which  are  free  from  gangue  allow  the  use  of  more  con- 
centrated solvents  and  higher  temperatures  than  ores;  this  is  still  more  the  case 
with  metals  and  alloys. 

The  density  of  solutions  is  usually  determined  by  means  of  the  Beaum6 
hydrometer.  Table  163  gives  the  conversion  values  of  degrees  Beaum6  and 
specific  gravity  for  liquids  heavier  (metal  solutions  .  .  .)  and  lighter  (oils, 
naphthas  .  .  .)  than  water. 


Table  163. — Degrees  Beaum^  and  Specific  Gravity 


Deg. 
B6. 


o 
I 
2 

3 

4 

S 
6 

7 
8 

9 
10 

II 

12 

13 

14 

15 
16 

17 
18 


Sp.  gr.,  liquid 


Heavier 

than 

water 


1. 000 
i.cxjy 
1. 013 
1.020 
1.027 

1.034 
1. 04 1 

1.048 

1.056 

1.063 

1.070 

1.078 

1.086 

1.094 

I.  lOI 

109 

118 
126 

134 


I 
I 
I 
I 


Lighter 

than 

water 


1. 000 

0.993 
0.986 

0.980 

0.973 
0.967 

0.960 

o  954 
0.948 


Deg 
B6. 


19 
20 
21 
22 

23 

24 

25 
26 

27 

28 

29 

30 

31 
32 

Z2^ 
34 
35 
36 

37 


Sp.  gr.,  liquid 


Heavier 
than 
water 


•M3 
.152 
.  160 
.  169 
.178 
.188 
.197 
.  206 
.  216 
.  226 
.236 
.  246 
.256 
.267 
.277 
.288 
.299 
.310 
.322 


I    Deg. 
Lighter         B^. 
than 
water 


0.942 
0.936 
0.930 
0.924 
0.918 
0.913 
0.907 
0.901 
0.896 
0.890 
0.885 
0.880 
0.874 
0.869 
0.864 
0.859 
0.854 
0.849 
0.844 


0.896 

0.890 

0.885 

0.880 

0.874    i 

38 

39 
40 

41 
42 

44 
46 

48 
50 
52 
54 
S6 

S8 
60 

65 
70 

75 
76 


Sp.  gr.,  liquid 


Heavier 

Lighter 

than 

than 

water 

water 

•333 
.345 
■357 
.369 
.382 
.407 

•434 
.462 

•  490 
.520 

•551 

.583 
.617 

.652 

.747 

.854 

.974 

2.000 


0.839 
0.834 
0.830 
0.825 
0.820 
0.811 
0.802 
794 
78s 
777 
768 
760 

753 
0.745 


o 
o 
o 
o 
o 
o 


*  Wolf,  West.  Chcm.  Insi.,  19 lo,  vi,  176 
Warwick,  ibid.  i6g. 
McCallum-Brudcrlin,  ibid.,  206. 
Baker,  Tr.  Am.  FAcctrochem.  Soc,  1907,  xvii,  155. 
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241.  Method  of  Leaching. — ^The  mode  of  operating  and  with  it  the  kind 
of  apparatus  will  vary  greatly  with  the  raw  material  and  the  solvent.  With  an 
ore,  there  is  a  large  charge  and  a  dilute  cold  or  slightly  warmed  solvent  whid 
extracts  a  small  amoimt  of  metal  leaving  behind  a  large  residue,  e.g.,  leadiing 
Ag  and  Au  ores;  with  an  alloy  most  of  the  metal  from  a  small  charge  is  dissolv'ed 
by  a  hot  concentrated  solvent,  and  the  residue  is  likely  to  be  insignificant,  f.^., 
parting  dore  silver  with  H2SO4.  The  terms  extraction  and  solution  are  so^i^ 
times  reserved  for  this  class  of  operations. 

In  treating  an  ore,  usually  crushed  finely,,  the  size  of  particles  influences  the 
manipulation.    The  particles  may  be  broadly  classed  as  sands  and  slimes. 
In  American  ore-dressing  practice  the  term  **  sands  "  is  vague  because  it  does  not 
represent  a  definite  range  of  sizes.     As  far  as  leaching  is  concerned,  sands  maybe 
defined  as  particles  sufiiciently  coarse  to  permit  leaching  by  percolation,  and 
slimes  as  those  which  do  not.     The  pulp  that  flows  from  a  fine-crushing  machine 
may  contain  particles  that  pass  a  20-mesh  and  a  loo-mesh  screen.    The  amounts 
of  the  different  sizes  formed  in  wet-crushing  def>end  upon  the  nature  of  the  ore, 
the  character  of  the  crushing  machine  and  the  mode  of  operating  it.    A  quartz- 
ite  wnll  form  less  fines  than  a  talcose  or  argillaceous  ore;  a  machine  that  cracb 
the  ore  will  make  less  fines  than  one  that  has  an  abrasive  or  grinding  effect; 
crowding  a  machine  will  increase  the  percentage  of  fines.     A  low  rate  of  leach- 
ing for  sands,  i.e.,  the  number  of  inches  in  depth  a  solvent  will  pass  through  a 
charge  of  ore  in  a  vat  per  hour,  is  1/  2  in.  (pan  tailings),  a  high  rate  12  in.  (chlori- 
dized  silver  ore) ;  quartzose  ore  will  show  a  satisfactory  rate  with  much  finer 
sizes  than  argillaceous  ore;  with  the  former  the  limit  is  probably  reached  when 
85  per  cent,  passes  through  a  1 50-mesh  screen ;  with  other  ores  the  limit  is  reached 
with  a  much  coarser  screen.     Coming  to  slimes  proper,*  they  may  be  said  to 
consist  of  three  classes  of  substances:  suspensions,  colloidal  suspensions,  and 
colloids  (=pectoids  of  Cushman-Hubbard).     A  suspension  is  a  finely  dinded 
substance  stirred  up  in  water  which  will  settle  out  gradually  when  left  in  repose; 
the  addition  of  an  electrolyte  to  the  water  has  no  effect  upon  the  settling;  the 
solid  matter  recovered  by  evaporating  the  water  shows  no  change  in  its  physical 
properties;  the  solid  matter  can  be  separated  from  the  water  by  filtration.    A 
colloid  represents  suspended  particles  which  by  carrying  positive  or  negative 
electric  charges  repel  one  another  continuously  and  thus  counteract  the  clarify- 

*  Zsigmondi,  R.,  and  Jerome,  A.,  "Colloids  and  Ultramicroscopy,"  Wiley,  New  York,  1000. 
Julian,  H.  F.,  and  Smart,  E.,  "Cyaniding  Gold  and  Silver  Ores,"  Lippincott,  Philadelphia, 

1907,   p.    21,^ 

Richards,  R.  II.  "Ore  Dressing,"  McGraw-Hill  Book  Co.,  New  York,  1909,  Vol.  111,  p. 

1397- 

Whiting-Blake,  /.  Am.  Chcm.  Soc.y  1904,  xxvi,  1339. 

Noycs,  op.  cit.f  1905,  xxvii,  85. 

Cushman,  A.  S.,  "The  EfTcct  of  Water  upon  Rockpowders,"  Bureau  of  Ckem.,  U.  S. 
Dept.  Agriculture,  Bull.  No.  92,  1905. 

Cushman,  A.  S.,  and  Hubbard,  P.,  "The  Decomposition  of  Feldspars,"  Office  of  Ptiblic 
Roads,  U.  S.  Dept.  Agriculture,  Bull.  No.  28,  1907;  also  Tr.  Am.  Cer,  Soc,  1906,  viii,  180. 

Ashley,  Tr.  A.  I.  M.  £.,  1910,  xli,  380. 
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ing  force  of  gravity;  the  addition  of  an  electrolyte  neutralizing  the  electric 
charges  causes  the  particles  to  coagulate,  whereupon  they  settle  out  and  carry 
down  with  them  ordinary  suspensions;  the  solid  matter  recovered  by  evaporation 
lias  lost  its  colloidal  property;  the  solid  matter  cannot  be  separated  by  filtration. 
A  €<dloidal  suspension  represents  a  transition  stage  between  the  two  extremes, 
and  slimes  belong  to  this  category.  As  far  as  practical  purposes  are  concerned, 
a  slime  may  be  defined  as  a  colloidal  suspension  of  finely  crushed  ore  after 
48  hours  repose. 

The  coagulating  power  of  an  electrolyte  depends  upon  the  valency  of  the 
kation.  With  the  value  of  a  univalent  kation  equal  i,  that  of  a  bivalent  is  30 
to  40,  that  of  a  trivalent  500  to  1,000.  If  i  part  FeO-salt  settles  2,000  parts 
slimy  water,  i  part  Fe203-salt  will  settle  60,000  parts;  i  part  CaO  settles  1,500 
to  1,800  parts.  The  figures  in  Table  164  give  the  relative  weights  required 
to  produce  the  same  coagulating  effects. 


Table  164. — Efficiencies  of  Various  Coagulating  Substances' 


Substance 


Relative 
efBciency 


Aluminum  sulphate 

Alum  (potash) 

Ferric  iron 

Alum  (ammonium) 

Alum  (am.  chrom.  iron) 

Lime 

Magnesia 


Substance 


Relative 
eflicLency 


Alum  (pot.  chrom.)  . 

Calcium  chloride 

Calcium  carbonate . . 
Calcium  sulphate  . . . 
Magnesium  sulphate 

Sodium  chloride 

Sodium  sulphate 


858 

1,2X5 

2,870 

3.460 

45,900 

61,700 


As  regards  the  mode  of  operating,  it  may  be  said  that  if  the  ore  permits 
ready  filtration,  the  usual  method  of  leaching  by  percolation  in  a  stationary 
vat  will  accomplish  the  result  (leaching  chloridized  ore) ;  occasionally  a  station- 
ary circular  vat  with  stirrers  attached  to  a  vertical  or  horizontal  revolving  shaft, 
or  a  revolving  barrel,  or  Hofmann's  system  of  trough-lixiviation^  may  be 
employed  to  hasten  solution.  If  the  percentage  of  fines  (slime)  be  too  large,  as 
is  the  case  with  many  wet-crushed  silver  and  gold  ores,  percolation  becomes 
impossible  or  takes  too  much  time;  it  is  then  necessary  to  separate  sands  from 
slimes  by  hydraulic  classification,  and  treat  the  sands  as  indicated  above,  while 
the  values  in  the  slimes  are  recovered  by  agitating  with  the  solvent.  Such 
agitation  is  accomplished  either  in  a  stationary  vat  by  stirrer-arms,  a  centrifugal 
pumpy  by  compressed  air,  or  in  a  revolving  barrel.  The  separation  of  slime 
from  solvent  is  effected  by  coagulating,  and  then  either  by  settling  and  decant- 
ing, or  by  forcing  through  a  filter-press,  a  pressure-filter,  or  a  suction-filter. 

The  progress  that  has  been  made  in  the  last  ten  years  in  the  treatment  of 
slimes  in  cyaniding  silver  and  gold  ores  has  brought  about  the  present  custom 

*  Julian-Smart,  op.  cit.f  pp.  212,  220. 
'Hofmann,  Tr,  A,  I,  M.  £.,  1887-88,  xvi,  662. 
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of  purposely  sliming  ores  (all-slime  treatment),  as  frequently  the  saving  in  time 
and  increase  in  yield  more  than  balance  the  additional  cost  of  crushing. 

Finely-crushed  roasted  speise  and  matte  are  usually  sufficiently  porous  to 
permit  of  the  cheapest  treatment,  i.e.,  percolation;  with  metal  and  alloy  sU- 
tionary  yats  are  nearly  always  in  use,  and  the  solution  is  generally  hastened 
by  hand-stirring,  sometimes  by  agitating  mechanically  (Walker  apparatus  for 
granulated  copper). 

In  most  leaching  operations  it  is  desirable  to  have  a  saturated  solution  for 
precipitation  or  evaporation  and  thus  to  use,  at  the  same  time,  as  little  solvent 
as  possible.  This  is  accomplished  by  turning  partly-charged  solution  tqxm 
fresh  ore,  and  new  solution  upon  ore  that  is  nearly  exhausted.  This  method  of 
operating  goes  by  the  name  of  stage-lixiviation.^  In  a  series  of  five  or  more 
tanks  through  which  the  solvent  is  to  circulate,  tank  No.  i,  e.g.,  will  contain 
nearly  exhausted  ore  and  receive  new  solvent,  while  tank. No.  s,  receiving  liquor 
from  tank  No.  4,  will  contain  fresh  ore,  and  the  solution  passing  from  No.  5  will 
be  saturated.  After  a  while  the  ore  in  tank  No.  i  wall  be  exhausted  and  removed, 
and  the  tank  will  be  charged  with  fresh  ore;  tank  No.  2  will  now  become  the 
starting  tank  for  new  solvent  and  No.  i  the  finishing  tank  for  solvent  from  tank 
No.  5.  In  metallurgical  plants  the  solvent  is  usually  circulated  by  running  it 
off  from  one  tank  into  an  intermediary'  receiver  and  raising  it  on  to  the  neit 
following. 

242.  The  Leaching  Vessel. — This  must  be  constructed  of  a  material  whidi 
will  not  be  attacked  either  bv  the  solvent  or  the  solution.  Thus  with  ores  the 
tanks  are  made  of  wcH>d,-  steel  or  reinforced  cement  concrete'  which  may 
have  to  be  coateti  with  tar  and  pitch,  paraffine- or  rubber-paint;  with  speise  and 
matte.  Wixxien  vats  lined  ^^^th  sheet  lead  are  in  common  use;  metal  salts  are 
often  dissolved  in  pans  of  sheet-lead  and  of  cast  iron  or  steel  lined  with  lead; 
for  parting  precious-metal  alloys,  cast-iron,  fayence,  and  porcelain  vessels  are  in 
use. 

Stationary  vats  in  which  materials  are  leached  by  percolation  have  a  filter  to 
sejKirat  e  t  ho  liquid  from  the  solid.  A  tilter  is  built  of  sized  quartz  gravel  or  acid- 
I^TiH^f  jHTlorated  brick  covered  with  clean  tine  sand;  or  it  is  made  of  straw,  cocoa- 
niaiiini:  and  cotton  cloth,  asbestos  cloth,  etc.  Filters  of  the  latter  class  always 
rest  upon  a  jHTlorated  false  bottom;  the  same  is  sometimes  the  case  with  those 
of  I  ho  fv^rnuT.  A  wvwion  grating  is  always  placed  over  the  filter  to  protect 
it,  if  I  ho  rosiduo  is  to  bo  romovod  by  shoveling.  The  leached  ore  is  discharged 
from  tiio  v^rviiiuiry  siativMuiry  vat  by  shoveling,  by  an  excavating  machine,  or 
b\  Miiiv  ii*g.  Frv^ru  r.u\b..i!UvMlly  siirrovi  vats  filterable  ores  are  discharged  into 
siaiio!\ir\  iViioriv.i:  :\ir.s  or  through  prossuro-tanks  into  filter-presses  to  separate 
tho  >v^liniv^n  fro:v.  t!u^  loaohovi  oro:  sonio  revolving  barrels  have  internal  filters. 

'  l^.;\iN.  v.;    r  .  "n,i!^:N\*K  0:  Chi'7:v\\;!  Vr.cir.ocrirj:."  DaWs  Bros.,  Manchester,  1904* 

■     \L\V..".'v.  .i'  r:v*;.vr:u<  o:  Rv\'.  AsX.L  '  ':>  A   I..  ILi.T..  U.  S.  Dcp.  Agri.,  Forest  Service^ 

*  f\^    W.v.   *  .  ■.  s>v.  WW  ■.".:.  •.>."». 
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Filtered  solutions  are  sometimes  passed  through  clarifying  or  settling  vats 
fore  the  dissolved  metal  or  salt  is  recovered  in  order  to  correct  imperfections 
of  the  filter.  In  such  vats  they  may  also  be  subjected  to  some  chemical  treat- 
ment to  remove  harmfid  impurities,  e.g.,  addition  of  H2SO4  to  AuCU  before 
precipitation  with  FeSP4;  reduction  of  Fe2(S04)8  to  FeS04  by  SO2  in  copper 
solutions  to  be  treated  with  Fe  to  save  in  precipitant. 

Filter  presses  and  suction  filters  are  discussed  in  §§306  and  308. 

243.  Precipitation. — ^The  precipitants  employed  are  solids,  liquids  and  gases. 
Thus,  metals  are  frequently  used,  such  as  Fe  and  Cu  for  Ag,  Fe  for  Cu,  Zn  for 
Au  and  Ag;  charcoal  and  Met.  S  serve  to  recover  Au  from  AuCls.  Common 
liquids  are  HjO  for  Ag2S04  in  cone.  H2S04or  PbCU  in  NaCl;  Na2S  or  CaSs  for 
AgsSsOi;  FeS04  or  FeCU  for  AuCls;*  Na2C08  for  NiCl2;  CaCUO,  for  C0CI2. 
Gases  are  sometimes  pumped  through  solutions,  as  e.g.,  H2S  for  AuCl,  SO2  for 

AuCli  to  reduce  it  to  AuCl;  in  a  few  instances  they  are  made  to  ascend  in  a 
tower  down  which  trickles  the  solution.  Stirring  a  solution  by  hand  or 
mechanically  or  with  compressed  air  often  has  a  beneficent  effect  upon  the 
precipitation  and  the  character  of  the  precipitate. 

For  drying  the  precipitate  rcverberatory  and  muffle  furnaces  are  in  com- 
mon use;  drying  chambers  supplied  with  superheated  steam  or  air  heaters  are 
uncommon;  occasionally  compression  by  machinery  followed  by  furnace-drying 
is  in  operation.  Usually,  in  dealing  with  large  amounts  of  base-metal  precipi- 
tate,  this  is  charged  straight  into  the  drying  apparatus;  small  amounts  of  pre- 
cious metal  are  placed  on  trays. 

Electric  precipitation  is  discussed  in  §251. 

244.  Concentration  (Evaporation)  and  Cijrstallization.^ — Solutions  from 
which  the  metal  is  to  be  recovered  in  the  form  of  a  crystallized  salt  usually  have 
to  be  brought  to  a  certain  degree  of  concentration  and  temperature  in  order 
that  well-developed  crystals  may  form.  Generally  part  of  the  water  has  to  be 
removed;  frequently  the  first-formed  crude  crystals  have  to  be  redissolved  to 
free  them  from  impurities  and  then  recrystallized  after  clarifying  or  filter- 
pressing  the  solution. 

The  evaporation  of  part  of  the  water  is  effected  by  heating  with  fuel  or  steam. 
With  fuel,  over-heat  or  under-heat  may  be  applied.  With  the  former,  the  prod- 
ucts of  combustion  pass  over  the  liquid,  contained  in  a  pan  covered  with  a 
brick  arch,  and  come  in  contact  with  it;  where  this  is  not  permissible,  under-heat 
comes  into  play,  in  which  case  the  gases  travel  underneath  and  perhaps  along 
the  sides  of  a  pan.  Over-heat  is  more  efficient  than  under-heat.  In  order  to 
utilize  the  heat  of  the  fuel  in  a  satisfactory  degree,  the  concentration  pans, 
usually  shallow  oblong  vats,  are  placed  in  series  and  are  terraced,  the  dilute 
liquor  enters  at  the  flue  end  and  passes  off  slowly  at  the  bridge  end  with  the 
right  degree  of  concentration. 

*  Hausbrand,  E., "  Vcrdampfcn,  Kondensieren  und  KUhlcn,"  Springer,  Berlin,  4th  ed.,  1912. 
Sadder,  "Notes  on  the  Theory  and  Practice  of  Evaporation,"  7.  Frankl.  Ittst.,  1908, 
CLXVi,  agx,  395. 

Nagel,  "Evaporation  by  Means  of  Steam,"  Elcctrochem,  Afc<.  Ind,^  i^Q&^vi,  •j^^ftj. 
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r  irc-hcatc(l  concentrating  pans  are  of  sheet  iron  lined  with  lead,  somedoci 
sini))ly  of  heavy  sheet  lead,  the  bottom  resting  upon  cast-ircm  plates. 

Concentration  by  means  of  steam  is  carried  on  by  passing  steam  thiou^ lad 
coils  placed  inside  of  wooden  lead-lined  pans,  or  through  douUe-walled  inn 
pans  also  lead-lined.  In  order  to  obtain  a  good  evaporative  effidency,  it  is 
necessary  that  the  coil  be  not  too  long,  that  the  steam  be  free  from  air,  and 
that  the  condensed  water  be  removed  continuously.  Steam  e\'aporatioD ismore 
C(»stly  than  lire  eva]>oration,  but  is  a  cleaner  mode  of  procedure.  £\*aporatkm 
in  vacuo  is  not  used  in  metallurgical  works. 

Crystallization  is  etTected  by  running  the  solution  of  right  concentration  and 
temperature,  /.**.»  saturated  for  the  given  temperature,  into  a  lead-lined  wooden 
vat ,  covering;  this,  and  keeping  the  charge  in  absolute  repose.    The  formation  of 
lar^e-si/.e  crystals  is  further  assisted  by  suspending  strips  of  lead  upon  whidithe 
crystals  ^row.     If  the  solution  is  stirred  while  rccrystallizing,  small  imperfectly 
developed  cry st  als  (crystal  meal)  will  form.    These  have  the  advantage  o^Trlaige 
crystals  of  including  less  mother-liquor  and  of  being  more  easily  washed  to  free 
them  from  impurities.     Stirring,  however,  is  rarely  resorted  to  in  metaliui^cal 
works.    The  mother-li(|uor  retains  with  the  impurities  moreor  less  of  the  salt 
that  crystallized  out.     By  further  evaporation  more  crystals  may  be  recovered, 
hut  they  are  sure  to  be  less  ]>ure  than  those  that  separated  at  first.    Before 
marketing,  the  crystals  have  to  be  washed  superficially  with  water  to  free  them 
from  mother-liquor;  they  are  then  dried  either  by  placing  them  in  thin  layers 
on  shelvesina  lualeilnuMU,  theairof  which  is  continuously  changed,  or  by  pass- 
inj^  them  through  a  centrifui!;al  machine — a  cylindrical  basket,  covered  with 
perforateil  meial  or  wire  i:;au/.e,  which  is  fixed  to  a  vertical  shaft  revohing  at 
a  hijih  sjued.     The  ilry  crystals  are  ready  to  be  shipped  in  wooden  barrek. 
Si>nu  limes  they  are  broken  \\\  WiHulen  rolls  either  before  washing  or  after  drjing. 

Han^lling  ol  liquors  is  discussed  in  §205  and  following. 

245.  Amalgamation  in  General. — This  is  a  wet  metallurgical  process  in 
which  I  \^  acts  as  a  solvent.  It  is  conlined  to  the  extraction  of  Ag  and  Au  from 
its  ores,  and  is  therefore  basinl  uinm  the  property  Hg  has  of  dissolving  these 
nut  a  Is  from  their  ores,  when  suitably  i>repared,  and  to  form  a  Hg-alloy  or 
amalgam.  In  t  he  {process,  the  amaljjam.  separated  from  the  gangue  by  washing 
and  freed  from  excess  \\^  by  straining,  is  distilled  to  recover  the  Hg;  the  resid- 
u.d  precious  !\uial,  iminire  from  the  ]>resence  of  some  base  metal  which  has  a 
lendenv  N  to  condone  with  Uij.  is  tire-relimHl  and  cast. 

.\nudg.nn>'  are  formed  by  the  direct  union  of  Hg  with  metal  at  ordinary 

'  \    ill'  MoiiilliM.  "1  i>  Am.ilii.ims."  lUTnarvi  ami  Tignol,  Pa*is,  1904. 
\hiKi;.  K.  \V.  11  .  "ILnuUMKh  \\cx  Anorganischcn  Chomie,*' Hirtel,  Lcipsic,  1905, n", 569. 
k*ip  lionm*r.  '*/nr  konniniss  xUt  Anulcamo."  /'.  anorg,  Ckem.s  1900,  xx\%  i. 
PihUiN .  "  V\w  \mu\c  »»t  Anulc,\v.>,  "  /Yv.  .1";.  .l.^.^iv.  Ad?.  5f.,  1889,  xxxvm,  145. 
Ko.ul.  *'  V\w  \m.il>:.im.i!hMi  ot"  VioKi  iVt^s."  Fr,  A.  I,  M.  £.,  1906,  xxxvn,  57. 
Uumphioxs.  .f .  K  ..":    >'..■..  iS^^C'.  i.\i\.  :4,;.  1^70. 
Kol^oii>  AuNtcn,  ;*•.".    ^  '"..••.•.  >.\..  iS^^;\  1\!\.  :\q. 
Vusilnn,  .*;  .:•••..:.  v  ..  •*;..  i«^s.\;.  wwi.  :oi. 
Mirhail-Snuih,  .l»»;.  i  /.i":,  J..  iocs\  WXM,  1^5. 
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^temperature  (K,  Na,  Ba,  Sr,  Ca,  Mg,  Zn,  Cd,  Sn,  Pb,  Bi,  Ag,  Au,  Cu,  Pd)  or 
"Upon  warming  (Al,  Sb).  Other  metals,  such  as  Mn,  Fe,  Ni,  Co,  Cr,  Ur,  Pt  and 
^^-metals,  can  be  amalgamated  only  indirectly,  e.g.,  by  the  electrolytic  decom- 
position either  of  their  salts  using  Hg  as  a  cathode  or  of  a  Hg-salt  with  the 
ncietal  ^  cathode;  by  placing  Na-Hg  in  the  neutral  concentrated  solution  of  the 
metal  salt;  by  inserting  the  metal  into  Na-Hg  in  the  presence  of  H2O;  the  result 
is  a  superficial  amalgamation.  Metals  which  unite  directly  with  Hg  do  this 
also  indirectly.  The  formation  of  amalgam  may  be  attended  by  an  evolution 
(K,  Na,  Cd)  or  absorption  (Zn,  Sb,  Sn,  Bi,  Pb,  Ag)  of  heat.  When  heat  is 
evolved,  the  amalgam  becomes  electronegative  to  the  amalgamated  metal; 
When  absorbed,  electropositive;  thus  in  the  couple  (Cd,  Cd-Hg),  Cd  will  be  the 
negative  pole;  in  the  couple  (Zn,  Zn-Hg),  Zn  the  positive  pole. 

Amalgams  are  liquid  when  there  is  a  large  excess  of  Hg,  solid  when  the  metal 
prevails;  warming  softens  solid  amalgam.  From  the  liquid  amalgam  a  large 
part  of  the  Hg  can  be  removed  by  straining  the  alloy  through  a  cloth  or  chamois- 
leather  bag.  The  finer  the  pores  of  the  filtering  medium  and  the  greater  the 
pressure  with  which  the  bag  is  squeezed,  the  drier  will  be  the  residual  amalgam. 
The  iSltered  Hg,  however,  is  not  pure,  but  remains  charged  with  metal  (see 
below),  and  the  amount  increases  with  the  temperature  (hot-straining).  There 
is  little  change  in  volume  by  the  formation  of  amalgam;  contraction  has  been 
observed  with  Cu,  Ag,  Sn,  Pb  and  some  other  metals.  The  thermal  conduc- 
tivity of  some  solid  amalgams  is  greater  than  that  of  either  of  the  component 
metals;  this  is  the  case  w4th  Sn,  Zn  and  Bi.  Heat  decomposes  all  amalgams; 
the  Hg  is  volatilized  leaving  behind  a  fused  or  more  or  less  spongy  residue;  it  is 
often  difficult  to  remove  all  the  Hg  in  distilling;  with  Au  and  Ag  only  fusion 
expels  it  completely.    Amalgams  6f  the  alkali  metals  decompose  water. 

Many  researches  along  every  practicable  line  have  been  made  to  study  the 
constitution  of  amalgams,  but  the  results  on  the  whole  have  not  been  satisfactory. 
Many  amalgams  are  held  to  be  solutions  of  metal  in  Hg,  others  diffusions,^ 
some  chemical  compounds,  perhaps  also  a  few  eutectics.^  With  most  amalgams 
the  question  of  constitution  is  still  open.  Thus,  e.g.,  Puschin'  examining  freez- 
ing-point curves,  electromotive  forces  and  microstructures  concludes  that  Zn, 
Cd,  Bi,  Pb  and  Sn  do  not  form  any  chemical  compounds  with  Hg,  that  Zn-  and 
Bi-amalgams  are  mechanical  mixtures,  and  that  Sn-,  Pb-  and  Cd-amalgams 
are  solutions.  On  the  other  hand,  McPhail- Smith*  finds  that  amalgams 
are  frequently  solutions  of  the  compound  Met.  Hgm  (i  atom  amalgamated 
metal  to  the  molecule)  in  Hg,  and  that  this  is  the  case  with  Zn,  Cd,  Bi,  Pb 
and  Sn. 

In  carrying  out  the  amalgamation  process,  the  Hg,  usually  in  a  finely  divided 
state,  is  brought  into  intimate  contact  with  the  pulverized  Ag  or  Au  ore;  occa- 

*  Humphreys,  /.  Chem.  Soc^  1896,  lxix,  243. 

Roberts-Austen,  Proc,  Chem.  SoCj  1896,  lxdc,  219. 
'Tammann,  Zt,  phys,  Chem.y  1889,  in,  441. 
•Z/.  anorg,  Chem,,  i903,xxxvi,  201. 
^  Am,  Chem,  J,,  igo6,  xxxvi,  125. 
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sionally  the  ore  is  made  to  pass  over  or  through  a  bath  of  Hg.    In  order  that 
amalgamation  may  be  successful,  the  following  should  be  observed: 

(i)  The  mineral  must  be  amalgamable;  if  this  is  not  the  case  it  has  to  be 
made  so  by  a  preliminary  treatment  in  the  dry  or  the  wet  way.  This  prepara- 
tion is  less  common  with  Au  ores  than  with  silver  ores,  as  Au  occurs  more  fr^ 
quently  in  the  metallic  state  than  Ag. 

(2)  The  ore  must  be  finely  pulverized  in  order  to  liberate  the  disseminated 
mineral  and  thus  make  it  accessible  to  the  Hg.  The  coarsest  screen  throof^ 
which  the  ore  is  made  to  pass  is  probably  3o-mesh  and  the  finest  perhaps  150- 
mesh.  The  apparatus  for  fine^crushing  are  stamp  mills,  roller  mills,  ball  mOls, 
arrastras,  pans  and  tube  mills.  All  these  devices  serve  for  crushing  and  amal- 
gamating; barrels  serve  for  amalgamation  alone.  Whenever  a  comminutiDg 
apparatus  has  a  decided  grinding  effect,  crushing  and  amalgamating  must  be 
carried  on  as  separate  operations,  as  otherwise  the  Hg  becomes" floured," u., 
converted  into  finely  divided  globides  resembling  a  grayish  powder  the  partides 
of  which  have  become  coated. 

(3)  The  Hg  must  be  "  quick  "  and  "  charged."  It  is  quick  or  bright  when  it 
is  free  from  Hg  compounds  (such  as  HgsCU,  HgO),  from  base  metals  and  their 
oxides,  carbonates,  sulphides,  sulphates,  from  clay,  talc;  and  grease  which  coat 
the  particles,  dull  them,  make  them  inactive  and  prevent  the  globules  from  re- 
uniting. Chemically  pure  Hg  is  a  poor  amalgamator;  it  gains  in  power  when  it 
is  charged,  t.r.,  contains  at  ordinary  temperature  that  amount  of  Au  (o.io 
per  cent.)/  or  Ag  (0.05  per  cent.),*  which  cannot  be  separated  by  straining 
through  chamois  leather.  Small  amounts  of  base  metal,  such  as  Zn,  Pb  or  Cu 
may  serve  a  similar  purpose;  any  excess  has  a  harmful  effect,  as  it  "sickens" 
the  Hg  and  causes  it  to  break  up  into  fine  particles  (to  flour). 

(4)  The  water  must  have  a  certain  degree  of  purity. 

(5)  Heat  must  be  supplied;  this  is  especially  the  case  with  Ag  ores  difficult  to 
amalgamate. 

(6)  The  mechanical  as  well  as  the  chemical  loss  must  be  reduced  to  a  mini- 
mum. Mechanical  loss  is  due  to  flouring  and  to  the  use  of  an  excess  of  Hgor 
of  H^O;  chemical  loss  to  the  sickening  of  the  Hg  because  of  the  presence  of  too 
much  base  metal,  or  because  the  Hg  is  chemically  attacked  by  the  electronega- 
tive component  of  the  ore. 

*  Thesis  of  C.  I.  AiKT,  No.  206,  Mining  Dept.,Mass.  Inst,  of  Technology,  1901. 


CHAPTER  X 
ELECTROMETALLURGICAL  PROCESSES  AND  APPARATUS' 

246.  Introduction. — Electrometallurgy  may  be  defined  as  that  branch  of 
metallurgy  which  uses  electric  energy,  wholly  or  in  part,  for  the  production  and 
Irealment  of  metais.  The  electric  energy  may  be  converted  entirely  into  heat 
for  the  purpose  of  producing  the  temperature  necessary  for  a  process,  or  it  may 
be  used  to  decompose  a  compound  by  wet  electrolysis  where  the  amount  of  heat 
generated  is  relatively  small,  or  by  dry  electrolysis  where  the  amount  of  heat 
generated  is  necessarily  large. 

247.  PractiGal  Electrical  Units. — Before  discussing  the  principles  under- 
lying electro  metallurgical  processes,  it  is  well  to  recall  the  practical  units  for 

I  measurement. 

I.  Strength  of  Current.— The  unit  of  current  is  the  international  ampere 
J  (amp.),  that  is,  the  unvarying  current  which,  when  passed  through  a  solution  of 
I  silver  nitrate  in  water  in  accordance  nith  certain  specifications,  deposits  silver 
St  the  rate  of  0.001118  g.  per  sec.  It  is  usually  measured  by  an  ammeter 
placed  in  series  with  the  main  circuit  between  the  dynamo  and  vat,  or  furnace, 
so  that  the  whole  current  may  pass  through  it  and  the  total  number  of  amperes 
be  read  off.    The  instrument  in  common  use  is  the  Weston. 

Occasionally  a  voltameter,  or  coulometer,  as  it  is  now  frequently  called,  is 

employed  to  determine  the  average  current  strength.     A  copper  voltameter, 

e.g.,  has  a  thick  copper  anode  and  a  thin  copper  cathode;  the  electrolyte  is  made 

up  of  150  g.  CuS04+5  aq.  cryst.,  50  g.  cone.  H-SOi,  50  c.c.  CiH^O  in  1,000  g. 

r  HiO.     As  I  amp.  should  deposit  0.01971  g.  Cu,  per  min.  or  1.183  g.  Cu  per  hr., 

I  the  weight  of  the  deposited  Cu  will  give  the  average  value  of  the  current  for  the 

^  time  of  deposition,  and  from  this  the  efficiency  may  be  computed. 

3.  Current  Density. — This  is  the  numerical  value  of  the  current  in  amperes 
divided  by  the  area  of  the  electrode,  either  anode  or  cathode.     Several  units, 
depending  upon  the  unit  of  surface  chosen,  are  in  common  use,  such  as  amp. 
per  sq.  ft.,  per  sq.  cm.,  per  sq.  dm.,  per  sq.  in.    The  usual  range  in  wet  elec- 
trolysis is  0.5  to  40.0  amp.  per  sq.  ft.     With  elect  roth  ermic  processes  and  with 
'  Borchera,  W.,  and  McMillan.  W.  G.,  "Electric  Smelling  and  Refining,"  I.ippincott, 
Pbiiadriphia,  1904.     Minn,  A.,  "Trait*  Ihforique  et  pratique  d'fileciro-mflaJlurgie,"  Bfr- 
ansef.  Paris.  1901.     Blounl,  B..  "Praclical  Elcctrocbemistry,"  Macmillan, New  York,  190G. 
Standard  Mandbuolt  ni  Electrical  Engmcers.  McGraw  Publ.  Co..  New  Yoili,  1908.     Crocker, 
"TLeory  of  Electro mctaUurgy,"  School  Win.  Qiuxrl.,  1895,  XVI,  9;;  Elcclrothcmislry  and  Elec- 
Iromet alluTKy,  ScAoo/  Min.Qtmrl.,  1901, xxn,  119.     Gore,  G.,"Eleclmlytic Separation otMet- 
"  Van  Nostrand.  New  York,  189a.     Kershaw,  J.  B.  C.,  "Electrometallurgy,"  Constable  & 
Co.,  London,  1908.     AshcToft,  E  A..  "A  Study  of  Electrothermal  and  Eleclrolylic  Industries, 
\  UcGraw  Publishing  Co.,  Men  Yurk,  iqoo.     Billitcr,  J.,"DicElectrocheinischcn  Vcrfahrendcr 
L  Cbemischen  Gross-industrie,  Vol.  1;  Elcctrometallurgie  WAssriiier  Lftsunuen,"  Knapp,  Halle, 
Lipog.    Foerster,  P.,  "Electrochemie  Wfissrigcr  I^sungcn,"  Bartb,  LeipNc,  1905. 
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fused  electrolytes  this  notation  is  feasible,  but  usually  not  practicable,  benoe 
the  total  amperes  are  usually  given,  and  these  go  into  the  thousands. 

3.  QT.^\NTrrY  of  Electricity. — ^The  unit  of  quantity  is  the  intenatioDil 
coulomb,  that  is,  the  quantity  of  electricity  transferred  by  i  international  amp. 
in  I  sec. 

4.  Resist.xnce. — Resistance  is  the  property  materials  have  of  opposing  tk 
flow  of  current.  The  practical  unit  of  resistance  is  the  international  ohm,  u, 
the  resistance  of  a  column  of  pure  Hg  106.3  cm.  long,  of  uniform  cross-sectiim  (i 
mm.),  and  weighing  i4-45^i  %-  ^^^^  C.  (The  resistance  of  100  yards  iron  tdegrapk 
wire  equals  about  i  ohm.)  The  resistance  of  any  substance  is  proportional  to 
its^  length  and  its  specific  resistance,  and  inversely  proportional  to  its  cross-scctkm.  'j 

Conductance  is  the  reciprocal  of  resistance;  a  conductor  with  a  resktancc 
of  i  ohms  is  said  to  have  a  conductance  of  1/2  mho.  The  specific  conductivity 
of  the  leading  metals  was  given  in  Table  13 ;  alloys  (§54)  are  poorer  conductors 
than  the  component  metals;  liquids  are  poorer  than  metals,  and  gases  under 
ordinary  conditions  are  practically  non-conductors.  Some  of  the  leading 
metal-bearing  minerals  have  been  arranged  by  Kiliani*  according  to  their  con- 
ductance, as  shown  in  Table  165. 


Table  165. — Electric  Conductance  op  Ore-forming  Minerals 


Metal 


SiKiT. . . 


Good  conductor 

1 

Inferior  or  non-conductor 

1 
Argentite,    p>Targyrite, 
proustite. 

i  o|»pt'i Chalcocite,    chalcopyritc, 


liUil      ... 

.\ti  )t\\ 
111. 

^  1 1 1  i  i  1 1  •  i  t  r 
I.   ... 


bornite. 


Cuprite,  aziu^te,  maladiite,  tet- 
rahedrite,  chrysocolU. 


Galena '  Cerussite,  pyromorphite,  arocoite, 

I    wulfenite,  anglesite,  bournonite. 


Smaltite,  linnseite,  cobal- 
tite. 


Gersdorffite,  niccolite,  ram- 
mclsbergite. 


Cassiterite 


Stannite. 


Blende,  calamine,  smithsonite. 


Stibnite. 


Pyrite,  pyrrhotite,  magne-  I  Marcasite,  hematite,  siderite,  lim- 
:    tite.  onite,  menaccanite,  blackband. 


•/»/,:    thitUntn.  /.,  1S8J.XLII,  237, 
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ArUfidal  sulphides  conduct  similarly  as  ihe  corresponding  minerals.  Most 
oxides  at  ordinary  tcmpcraiure  are  practically  non-conductors;  iheir  resistance' 
decreases  as  ihe  temperature  rises  {§50).  The  resistance  of  metals  increases 
considerably  with  a  rise  of  temperature;  that  of  alloys  does  not  show  much 
change,  that  of  carbon,'  liquids  and  gases  decreases.  The  increase  of  resistance 
in  metals  uith  rise  of  temperature  is  smaller  than  the  decrease  in  solutions, 
hence  in  working  with  high  current  densities  an  increased  resistance  due  to  the 
warming  of  conductors  is  more  than  balanced  by  the  decreased  resistance  of  the 
warmed  liquid. 

The  specific  conductivities  of  aqueous  solutions  of  acids,  alkalis  and  salts 
vary  with  the  concentration;  frequently  there  is  a  concentration  at  which  the 
conductivity  has  3  maximum  value. 

Add  and  alkali  solutions  have  higher  speciiic  conductivities  than  the 
salts  of  the  same  etjuivalent  concentrations;  chlorides,  bromides  and  iodides 
are  better  conductors  than  sulphates,  nitrates  and  carbonates.  The  spedfic 
resistances  of  aqueous  solutions  arc  high  in  comparison  with  those  of  fused 
electrolytes.  In  metallurgical  operations  the  resistance  Is  usually  not  measured 
directly,  but  obtained  indirectly  by  reading  the  current  and  the  voltage,  and 
calculating  according  to  Ohm's  law. 

5.  Electromotive  force  is  that  which  causes  electricity  to  flow.  The, 
legal  unit  is  the  international  volt,  and  this  is  defined  as  the  electromotive  force 
{e.m.f.)  which,  applied  to  an  international  ohm,  will  produce  a  current  of  an 


standard  cell  at  15°  C.  In  wet  electrolytic  processes  the  voltage  of  the  direct 
current  is  low;  it  is  higher  in  drj'  electrolytic  processes;  in  electric  smelting  pro- 
cesses the  alternating  current  is  usually  of  a  high  voltage.  The  drop  in  poten- 
tial between  two  points  is  measured  by  a  voltmeter.  The  instrument  commoiJy 
used  is  the  Weston  direct-reading  voltmeter. 

6.  Electric  Energy. — The  unit  of  electric  work  or  energy  is  the  joule  (J.), 
This  is  equal  to  the  energy  expended  by  i  coulomb  of  electricity  passing  through 
a  difference  in  potential  of  i  volt;  it  is  therefore  equal  to  i  volt-coulomb. 

7.  Electric  Activity. — The  rate  at  which  electric  energy  is  expended  in  a 
drcuit  is  proportional  to  the  current  and  to  its  e.m.f.;  the  unit  in  which  it  is 
measured  is  the  watt,  and  this  is  equal  to  i  joule  per  sec  ,  or  i  voltXi  amp. 
=  1  volt-amp.  =  I  watt.  In  metallurgical  plants  watts  are  usually  not  meas- 
ured, although  wattmeters  exist;  ordinarily  they  are  calculated.  As  in  prac- 
tical work,  I  watt  is  a  very  small  unit,  1,000  watts=  i  kilowatt  (kw.)  is  usually 
substituted.  Thus  a  dynamo  capable  of  developing  a  current  of  1,000  amp. 
at  60  volt  —  60,000  watts,  is  referred  to  as  a  60-kw.  machine. 

Two  other  useful  practical  units  are  the  ampere-hour  and  the  watt-hour 

(kilowatt-hour).     An  amp.-hr.  is  the  quantity  of  electricity  passing  through 

a  circuit  in  1  hr.  in  which  i  amp.  is  flowing.  'Thus  a  storage  battery  of  Oo 

ainp.-hr.  will  furnish  a  current  of  6  amp.  for  10  hr.  or  10  amp.  for  6  hr.     One 

'  SomctviUe,  Afct.  Chem.  Eng.,  igii,  x,  485, 
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amp.-hr.  =  60X60  =  3, 600  coulombs,  i  coulomb =0.0002  7  78  amp.-hr.  Ampere- 
hours  are  counted  by  ampere-hour  meters  or  voltameters;  similarly  watt-hours 
by  watt-hour  meters. 

In  mechanics  activity  is  measured  in  foot-pounds  per  second.  An  English 
horse-power  represents  550  ft.-lb.  work  per  sec.  or  33,000  ft.-lb.  per  min.;  it  is 
als9  equal  to  746  watts,  which  is  called  the  electric  horse-power.  In  order  to 
change  kilowatts  into  horse-power,  the  value  of  the  activity  in  kilowatts  has  to 
be  multiplied  by  i  1/3,  as  i  h.p.  =  0.746  kw.,  or  i  kw.  =  i  1/3  h.p.  Similarly 
for  units  of  power,  i  kw.-hr.  =  i  1/3  h.p.-hr. 

248.  Ohm's  Law. — ^The  relation  that  exists  between  the  electromotive  force, 
the  resistance  and  the  resulting  current  in  a  given  conductor  is  defined  by  Ohm's 
law,  which  states  that  the  strength  of  a  current  varies  directly  as  the  electro- 
motive force  and  indirectly  as  the  resistance  of  the  conductor. 
_               Electromotive   force   _  ,         ^     E  (volt)         ,  .  .        ^ 

Current  ^ ^Risbi^n^^ ' '^  ^^""P"^  "F^olSi)'  °'  ^^  transposiUon,  £= 

P 

I.R,2LndR  =  j 

In  the  formula  E  represents  the  total  e.m.f.  and  R  the  total  resistance. 
The  total  e.m.f.  £  of  a  circuit  containing  an  electric  cell  is  made  up  of  £»,  the 
direct  e.m.f.  of  the  dynamo,  and  e  the  opposing  or  counter  e.m.f.  of  the  cell. 
The  total  resistance  R  is  made  up  of  Rg  the  internal  resistance  of  the  generator; 
of  Ri  the  external  resistance  of  the  conductors  connecting  the  generator  with  the 
cell,  and  of  Re  the  internal  resistance  of  the  cell  itself.  The  above  formula 
extended  then  has  the  following  form 


/  = 


Ea—e 


Rg-\-Ri-{-Rc 

249.  Heating  Effect  of  Electric  Current  (Joule's  Law).^ — A  current  flowing 
through  any  resistance  develops  heat.  A  current  of  i  amp.  flowing  through  a 
resistance  of  i  ohm  develops  therein  per  second  0.24  g.  cal.;  hence  i  Joule-sec. 
=0.24  g.  cal.,  and  i  g.  cal.  =4.24  Joules. 

The  general  relation  between  electrical  and  heat  energy  is  given  by  Joule's 
law  which  states  that  the  heat  H  evolved  by  the  passage  of  a  current  through 
a  conductor  is  proportional  to  the  square  of  the  strength  of  the  current  /,  to 
the  resistance  of  the  conductor  R,  and  to  the  time  /  (in  sec.)  that  the  current 
lasts;  or  expressed  in  g.  cal.,  H=PRiXo,24  g.  cal.  =£//Xo.24  g.  cal  (as  according 

to  Ohm's  law  R=  ^j  .    The  formula  II=EItXo,24  g.  cal.  is  in  common  use,  as 

E  (volt)  and  /  (amp.)  are  more  easily  measured  than  resistances.  In  metallur- 
gical work  the  hour  /  is  more  convenient  than  the  second,  when  iJ  =  86o 
Ell  g.  cal. 

The  rise  in  temperature  T  in  time  /  produced  in  a  conductor  by  a  current 
is  inversely  proportional  to  its  weight  w  (in  g.)  and  its  specific  heat  5,  Or 

r=  —  ^   —  presupposing  that  there  is  no  loss  in  heat  by  radiation  or  conduc- 

*  Askcnasy,  P.,  "Electrothcrmic,"  \'icwcg,  BrunsAinck,  19 10. 
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tjon.  This  is  approximately  true,  if  the  passage  of  the  current  lasts  only  a  few 
seconds  or  if  the  body  to  be  heated  is  enclosed  in  a  non-conductor  of  heat.  In 
pactice  there  is  a  considerable  loss  of  heat  by  radiation  and  conduction;  the 
tanperature  rises,  quickly  at  first  and  then  more  slowly  until  the  heat  produced 
is  balanced  by  that  which  is  lost,  when  an  equilibrium  will  have  been  established 
and  the  amoimt  of  heat  lost  will  be  equal  to  that  received. 

1.  Applications. — ^The  heat  developed  by  the  electric  current  has  found 
application^  in  welding,  annealing,  heating  for  metal- working,  smelting  and  other 
purposes.  Laboratory  apparatus,^  such  as  tubes,  muflSes  and  crucibles,  used  in 
research  work  are  heated  by  a  current  passing  through  a  wire  or  ribbon  of  metal 
<rf  high  resistance  (Ni,  Pt  .  .  .)  wound  around  them,  because  of  the  perfect 
control  of  temperature  they  permit,  and  the  ease  with  which  they  can  be 
operated. 

2.  Welding.' — ^There  are  two  systems  of  electnc  welding.  In  the  Thomson 
System^  (sometimes  called  incandescent  or  resistance  welding)  metals  which 
otherwise  have  no  welding  power  can  be  readily  united.  The  two  pieces  to  be 
welded  are  held  in  a  heavy  copper^clamp  vise  and  pressed  end  to  end;  an  alternat- 
ing current,  taken  from  a  step-down  transformer  in  which  a  voltage  of  250-1,250 
volts  is  transformed  down  to  2-3  volts,  passes  through  the  joint,  heats  the 
abutted  ends  (by  the  resistance  that  the  uneven  surfaces  offer)  to  the  working 
temperature  at  which  the  metals  either  soften  or  fuse.  The  ends  are  usually 
made  convex  and  softening  under  the  heat  become  sh'ghtly  upset.  A  little 
borax  added  to  the  joint  slags  any  oxide  that  may  have  formed.  The  time 
necessary  for  welding  is  less  than  a  minute;  the  pressure  required  for  copper  is 
600,  for  iron  1,200,  and  for  steel  1,800  lb.  per  sq.  in. 

In  the  Coffin  or  Arc-welding  System  an  electric  arc  fuses,  between  the  ends 
to  be  united,  chips  of  metal  of  the  same  composition  as  that  which  is  to  be 
welded.  It  is  really  a  soldering  process  in  which  the  pieces  to  be  welded  form 
the  negative  and  a  carbon  pencil  the  positive  pole  of  an  electric  circuit  carrying 
200-300  amp.  at  no  volts  (Bernardo),  or  the  pieces  are  wholly  without  the  cir- 
cuit, and  an  arc  2-2.5  ^^'  ^^  struck  between  two  carbon  pencils  (Zerener).    Arc- 

^  Richards,  Alum,  Worlds  1898,  v,  105,  126,  149. 

*  Norton,  Elect.  World  and  Eng.f  1900,  xxxvi,  951. 

•  Bramwell,  Proc.  Inst,  Civ,  Eng.^  1889-90,  cii,  2. 

Thomson  Tr,  A,  I.  M,  £.,  1890-91,  xdc,  877;  Cass.  Mag.,  1904,  xx\a,  225. 

Burr,  Iron  Age^  1892,  xlix,  149. 

Royce,  op,  cit,,  1892,  L,  977. 

Editor,  op,  cit.,  1908,  Lxxxi,  1762. 

Di^d,  Verh.  Vet.  Bef'drd.  Gewerbefl.,  1908,  Lxxxvii,  323,  355,  441. 

Groth,  L.  A.,  "Welding  and  Cutting  of  Metals  by  Aid  of  Gases  or  Electricity,"  Van 
Nofitrand,  New  York,  1913. 

Hart,  R.  N.,  "Welding,  Theory,  Practice,  Apparatus  and  Tests,"  McGraw-Hill  Book  Co., 
New  York,  19 10. 

Loewenherz,  Zi.  Verein.  deutsch.  Ing.,  191 1,  lv,  1666;  Rev.  Mil.  Extr.,  191 2,  rx,  403. 
^Editor,  Eng,  Min.  /.,  1888,  xlvi,  413;  1889,  xlvii,  136;  1890,  l,  309. 

Wood,  Tr.  A.  I.  M.  E.,  1891,  xx,  249. 

Aud,  Proc.  Eng.  Sac.  West.  Pa.,  1909,  xxv,  213;  Iron  Age,  i<)09,  ixxxvw,  'J-^'^- 
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welding  has  not  been  generally  adopted  on  account  of  the  high  temperature 
of  the  arc  which,  e.g.,  cannot  but  have  a  harmful  influence  upon  steel,  oxidizmg 
C,  Mn  and  Si,  or  adding  C  to  the  joint  which  is  deposited  from  the  positive  to 
the  negative  pole. 

3.  Annealing. — Mediimi-C  steel  plates  superficially  carburized  (skin- 
hardened)  by  case-hardening  have  been  annealed  by  the  Thomson  system  in 
places  where  holes  are  to  be  bored  for  rivets.  Two  copper  poles  about  2  in.  sq. 
are  placed  on  the  smooth  plate  leaving  a  distance  of  1-2  in.  between  them,  a 
current  of  3,500  amp.  at  4  volts  is  turned  on  gradually  and  increased  to  6,000 
amp. ;  the  space  between  the  poles  is  brought  to  the  temperature  necessary  for 
effecting  the  structural  change,  held  there  for  some  time  and  the  current  strength 
gradually  lowered  for  the  temperature  of  the  steel  to  sink  below  the  critical 
range. 

Annealing  wire  between  drawings  is  easily  accomplished  by  making  it 
pass  around  two  isolated  wheels  connected  with  the  poles  of  a  circuit, 
while  it  is  being  unrolled  from  one  coil  and  rolled  up  on  another.  The 
wire  is  heated  to  the  desired  temperature  while  it  travels  between  the  two 
wheels. 

4.  Heating  for  Metal-working. — ^The    Burton  Water-forge  (the  La- 
grange and  Hoho  Systems  are  similar)  may  serve  as  an  example.    A  bucket 
is  filled  with   a   solution   of   borax   and  soda,  a  large  lead  plate  inserted 
forms    the    positive    pole,   a    small    piece  of  bent  sheet  copper  connected 
with  the  negative  pole  is  hooked  over  the  edge  of  the  bucket  but  does  not 
touch  the  solution;  a  bolt,  e.g.,  to  be  heated  is  gripped  with  tongs,  plunged 
into  the  solution,  the  tongs  toward  the  middle  resting  on  the  negative  copper 
pole,  the  circuit  with  a  tension  of   50  to   100  volts  (25  to  35  volts  is  the 
minimum  to  start  the  arc)  is  thereby  closed  and  the  solution  decomposed. 
H  collects  on  the  cathode,  offers  sufl&cient  resistance  to  the  current  for  an 
arc  to  form  which  quickly  brings  the  metal  to  a  welding  heat,  when  it  is 
withdrawn.    The  H  protects  the  metal  from  oxidation,  and  the  large  surface 
of  lead  allows  the  O  to  pass  off  readily  so  that  no  arc  is  formed  there.    The 
passage  of  the  current  heats  the  solution,  but  only  to  a  small  extent.    This 
method  of  heating  is  desirable  when  it  is  essential  that  the  metal  be  kept  per- 
fectly clean. 

Another  method  of  heating  is  that  of  the  General  Electric  Co.,  Schenectady, 
N.  Y.^  It  consists  in  immersing  the  articles  to  be  heated  in  a  bath  of  fused  me- 
tallic salts  as,  e.g.,  equal  portions  of  BaCU  and  KCl.  This  is  contained  in  a  box 
of  fire-brick  surrounded  by  asbestos  enclosed  by  a  sheet-iron  casing;  it  is  fused 
by  means  of  an  alternating  current  which  passes  through  two  electrodes  con- 
nected with  the  low-tension  side  of  a  transformer  and  placed  on  opposite  sides 
of  the  furnace  in  direct  contact  with  the  contents.  In  starting  the  furnace,  an 
arc  is  struck  across  the  broken  flux  by  means  of  an  auxiliary  electrode  which 
quickly  melts  the  salts.  The  temperature  of  the  bath  is  easily  raised  or  lowered 
by  increasing  or  decreasing  the  current  passing  through  it.     Electrically  heated 

^BuJl.  No.  4737 f  May,  19 10. 
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oil-tempering  baths'  ranging  in  temperature  from  230  to  356°  C.  are 
in  principle,  but  differ  greatly  in  the  manner  of  heating, 

5.  Smelting. ^In  electric  smelting,  the  high  temperature  of  the  arc  (3,700' 
C.)  is  utilized  to  reduce  by  means  of  C  metallic  oxides  which  at  the  low« 
temperatures  of  carbon-heated  furnaces  (1,600°  C.)  would  not  give  up  their  O. 
Mabery*  in  1885  was  the  first  to  state  that  all  metallic  oxides  could  be  reduced 
by  C  at  the  temperature  of  the  electric  arc;  Moissan'  the  first'  to  demonstrate 
the  general  proposition  by  extended  experiments.  The  reduced  metal  ivill  be 
carburized  if  it  has  any  affinity  at  all  for  C. 

The  total  amount  of  heat  develo|jed  by  the  electric  current  is  that  due  to 
the  electrical  energy  plus  or  minus  that  due  to  the  chemical  changes  that  takA^ 
place.     Thus  /7=o.J4  £//—itiA+Tt']Ai— (latent  heat, 
radiation,  conduction,  etc.);  wherein  if=g,  of  metal 
reduced,   A  =  heat   of  combination  per  g.,  wi=g-  C 
required  for  reduction,  Ai=  heat  of  combination  per  g. 

On  account  of  the  high  cost,  electric  smelting  is 
practised  under  normal  economic  conditions  only 
when  high  temperatures  are  absolutely  necessary  (as 
in  the  C-reduction  of  AljOj);  in  special  cases  it  is 
used  to  supply  heat  when  the  cost  of  fuel  Is  abnor- 
mally high  and  water-power  is  available. 

The  first  to  apply  the  electric  arc  to  fusion  was  W. 
Siemens'  who  fitted  into  the  bottom  of  a  crucible,  to 
receive  the  charge,  at  first  an  electric-light  carbon 
and  later  a  water-cooled  copper  casing,  Fig.  313,  to 
form  the  positive  pole.  The  negative  pole  was  formed 
by  a  carbon  rod  suspended  centrally  in  the  crucible  by 
a  solenoid  arrangement  which  automatically  was  to 
maintain  constant  the  distance  between  the  two 
poles.    The    current    entering  through   the  charge, 

crosses  the  air-gap  to  the  negative  ptole,  forms  an  arc  and  fuses  the  metal  quickly. 
This  method  of  melting  has  not  been  applied  commercially.  While  the 
efficiency  of  the  furnace  was  high,*  the  water-cooled  pole  wore  through  quickly 
and  became  dangerous;  the  regulation  of  the  current  was  imperfect,  the  crucible 
became  highly  heated  by  the  current  passing  through  it  and  therefore  short- 
lived, and  the  melted  Fe  absorbed  C  and  Cu. 

In  1885  Cowles  Bros,  of  Cleveland,  O.,  began  to  produce  Al-Cu  and  Al-Fe 
alloys  by  arc-smelting,  and  later  at  Lockport,  N.  Y.,  manufactured  other  alloys 

'  Fulwider,'  General  Electric  Ret.,  Nov.,  tgto,  through  Metallurgie,  1910,  vu,  tsi\  Bull. 
Gtntrat  Eltelrie  Co. 

»  Am.  Assoc.  Adv.  Science.  1885,  XXXtv,  136. 

'  Moissan,  H.,  and  Li-hner.,  V.,  '  The  Electric  Furnace,"  Easton,  Pa.,  1904. 

'  Prterity  Claim  of  Borchers,  Eng.  Min.  J.,  1803,  lvi,  3. 

*  Siemens- Hunting  ton.  Rep.  Brit.  Assoc,,  18B1,  456. 
Siemens,  Sir  C.  W.,  "Collected  Works,"  Murray.  London.  iSSg,  11,  130. 
Richards,  J .  Frankt.  [nil.,  rgo?,  CLKtv,  446. 
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from  oxides  difficult  of  reduction.  In  the  iron  and  steel  industry  in  recent  ycus 
electric  smelting  has  been  applied  in  the  reduction  of  iron  ore,  in  the  prodoc- 
tion  and  refining  of  steel  and  other  ferro-alloys.  There  is  an  opening  to  it 
in  foundry  work.^  Electric  smelting  of  mixed  zinc  ores  promises  wdL  Th 
leading  features  of  modem  electric  furnaces  have  been  given  in  §167. 

250.  ElecUolytic  Waric — ^The  first  to  apply  the  principle  of  electrolysis  to 
the  treatment  of  ores  was  BecquereP  who  in  1836  gave  sulphide  ore  a  sulphati^ 
Lrs[  or  chlondizing  roast,  dissolved  the  sulphates  or  chlorides  formed  and  elec- 
trolysed the  solutions  using  insoluble  anodes.  This  method,  proving  too  slow 
xnd  expensix-e,  was  not  used  until  in  recent  years  when  it  has  been  taken  up 
4f  jin  in  a  few  instances. 

Tbe  direct  electrolytic  treatment  of  ores  without  any  preliminary  treatment 
was  cnoertaken  by  Clinton  (1840)  and  Werdeman  (1880)  in  England,  and  by 
Biis  azo  Miesi'  u^So)  in  Belgium,  but  without  lasting  success.    All  minerals, 
evc«*:ir^  meials  and  sulphides,  are  poor  conductors  of  electricity  and  even 
w*:h  artidcial  sulphides,  such  as  mattes,  it  has  not  been  possible  to  recover  one 
riecal  alone  in  the  presence  of  others.    When,  however,  only  one  metal  is 
^c^Njer.i*  as  r <.,  in  80  per  cent,  copper  matte,  the  matter  assumes  a  different 
a^f^^v:  v^^^'^^^^''^  process).    Elkington  in  1865*  was  the  first  to  desilverize  and 
^.^  ricvin>lytically  impure  metallic  copper.    The  refining  of  impure  metals 
bv  Rieans  of  the  current  has  become  the  leading  metallurgical  application  d 
xiv;  deciTolysis. 

l:»  1S5-"  Bunson*  decomposed  fused  MgCU  by  electrolysis,  and  in  1854  he' 
Arv*  St*  Claire  Deville^  separately  published  their  results  on  the  electrolytic 
T\\UuUvM\  of  .\1CU.  To-day  all  Al  is  produced  by  dry  electrolysis.  Other 
ai^jvuMiivMis  have  hardly  passed  the  experimental  stage. 

jji^  Wet  Electrolysis,  General. — When  a  continuous  or  direct  current  passes 
thrvHi^ch  a  metallic  conductor  (conductor  of  the  first  class)  no  chemical  action 
Ukcs  pUa\  when  it  jxisses  from  a  conductor  of  the  first  class  into  an  aqueous  solu- 
tion v^f  ai\  acid,  base  or  salt  (conductor  of  the  second  class  or  electrolyte)  a 
\  ht^nuv  al  change  takes  place  in  the  latter.  Conductors  of  the  first  class  through 
v^hich  the  curnMit  enters. and  leaves  the  electrolyte  are  called  electrodes.  The 
Wivtixnlo  thnnigh  which  the  current  enters  the  electrolyte  is  the  anode;  the 
\^%vti\Hle  ihnnigh  which  it  leaves,  the  cathode.  The  charged  atoms  or  atomic 
ifcixniiVH  into  which  the  electrolyte  is  dissociated®  and  which  carry  the  current  arc 

»  KUh;UxK  .WW.  /««/.,  1010,  VIII,  456. 
W^vkH.  Met.  Ckfm,  Enfi,,  1911,  ix,  363. 
\'\,MmM  Uoriixg.  Hr^m  World,  1912,  vin,  355. 

•  JUnxJUOIvI  "l.lcmonts  d'Hlcctro-chimie,"  Didot,  P|iris,  1864,  528. 

»  lU,*x.  i\.  *»n^l  Mi^*^t,  E.,  **Essai  d*application  de  1' Electro-analyse,"  Gauthier,  Louvaio- 

«  n^t   IV*<*'»<  ^'^^-  ''^'^^<^'^*  ^^^'-  -5»  1865. 
»/n><   !•»•♦..  »S5;.  ixxxn,  137. 

•  /Vc<     t"**  •  >^S4.  >^^^"»  ^48. 

•  !••••  i  *»-». /*Avv..  1854.XLIII,  27. 

•Mv\v«»*»i\.  *^  I  i'»H*"Uial  Reactions  at  Electrodes,  Mel.  Chcm.  Eng.,  1910,  viii,  240. 


called  ions.  They  are  liberated  at  the  electrodes  and  may  either  remain 
combined,  or  react  with  the  water,  the  electrode,  or  the  electroljte,  depending 
upon  the  nature  of  the  ion  liberated.  The  negatively  charged  ions  which  wander 
toward  the  anode  (add  radicals  or  hydroxyl)  are  called  anions;  the  positively 
charged  ions  which  wander  toward  the  cathode,  kalions  (H,  metals,  basic 
radicals) . 


Cathode     Compound 
Hi      —     iHCl 
Cu,    —    CuCU 

H;        —      HiSO, 

Na,    ~     2NaOH     ■ 


Anode 


(OH), 


The  metal  Na  set  free  at  the  cathode  cannot  exist  in  contact  with  water,  as 
it  decomposes  it:  Nan+jH.;0=  iNaOH+Ho,  hence  Hj  will  be  liberated  there. 
The  hydroxyl  {OHh  set  free  at  the  anode  is  split  thus:  2(0H)j=2H50+0j,  so 
that  at  the  anode  there  is  liberated  O.  The  acid  radical  (S0«)  set  free  at  the 
anode  acts  upon  water:  2S04+aH-tO=  2HiS04+Oj,  so  that  here  also  0  will 
appear  at  the  anode. 

352.  Dissociation  and  Conductivity.' — Before  the  conditions  under  which 
substances  existed  in  solution  were  understood,  it  was  believed  that  acids,  bases 
and  salts  in  aqueous  solution  remained  in  their  molecular  conditions,  that  a 
current  passing  through  a  solution  caused  the  molecules  pointing  haphazard 
in  any  direction  to  arrange  themselves  in  chains  (Grotthus  chains)  with  their 
positive  constituents  pointing  toward  the  cathode  and  their  negative  constit- 
uents toward  the  anode,  and  that  molecules  were  disrupted  when  the  applied 
e.ra.f,  was  stronger  than  the  force  that  bound  them  together,  the  cation  being 
set  free  at  the  cathode,  the  anion  at  the  anode;  that  this  was  followed  by  an 
interchange  all  along  the  chain,  a  positive  constituent  combining  with  a  negative 
constituent  of  the  adjacent  molecule  and  vice  versa,  thus  forming  by  a  double 
migration  of  positive  and  negative  constituents  new  moleciiles  which  were 
again  decomposed  at  the  poles. 

Modern  conceptions  of  electrolysis  are  based  upon  the  Arrhenius  theory  of 
electrolytic  dissociation  which  states  that  many  compounds  when  dissolved  are 
dissociated  more  or  less  into  electrically  charged  positive  and  negative  ions 
distributed  uniformly  throughout  the  solution.  When  an  e.m.f.  is  applied  at 
two  electrodes  placed  in  such  a  solution,  the  positive  pole  attracts  the  negative 
ions  which  begin  to  migrate  toward  it,  and  the  negative  pole  the  positive  ions; 
the  ions  give  up  their  electric  charges  at  the  electrodes  and  become  electrically 
neutral  atoms  or  complexes  which,  in  the  absence  of  a  substance  with  which 

'  LehFeldt,  R.  A,,  "Electrochemistry,"  Longmans,  Green  ft  Co.,  London,  1904. 
Abc^K,  R,,  and  von  Endc.  C.  L..  "The  Electrolytic  Dissocial  ion  Theory,"  Wiley,  New 
York.  1907. 

Le  Blanc.  M.,  Whilney.  W.  R.,  and  Brown,  J.  W.,  "TciH-book  of  Electrochemislry," 
in,  New  Yorlt,  1910. 
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they  can  form  a  chemical  compound,  combine  to  form  less  active  molecules;  since 
the  potential  at  the  electrodes  is  maintained  from  an  extraneous  source,  the 
electrolysis  is  a  continuous  process. 

The  actual  weight  of  an  ion  is  not  known;  its  composition,  however,  is  given 
by  the  chemical  formula,  and  calculations  are  based  upon  its  gram  equivalent, 
i.e.,  the  weight  of  the  gram  ion  divided  by  the  valency;  the  weight  of  a  mono- 
valent silver  ion  is  equal  to  its  atomic  weight  in  g.  or  io8.  The  electric  charge 
carried  by  a  monovalent  ion  is  96,660  coulomb,  i.e.,  the  quantity  of  electridty 
necessary  to  deposit  i  g.  H'  or  108  g.  Ag';  the  charge  carried  by  a  divalent 
ion  is  2X96,540  coulomb,  etc.  The  leading  monovalent  anions  are:  Br',  CI', 
I',  F',  OH',  BrOs',  ClOs',  lOs',  NOs',  CN';  the  bivalent  anions:  S",  Se",  Te", 
SO4",  SeO/',  SiOj",  COs",  C2O4",  CrO/';  the  leading  monovalent  cations:  H*, 
K',  Na*,  Ag'  and  the  -ous  compounds  of  Cu'  and  Hg*;  the  leading  bivalent 
cations:  Zn",  Pb",  Cd",  Co",  the  -ous  compounds  of  Fe",  Mn",  Ni",  Sn",and 
the  -ic  compounds  of  Cu"  and  Hg";  the  leading  trivalent  cations:  Al"  and  the 
-ic  compounds  of  Cr"',  Fe  ",  Au"',  Mn"'  and  Ni"',  the  leading  tetravalent 
cation:   Sn""  in  stannic  compounds. 

All  molecules  of  a  substance  in  solution  are  not  dissociated.  The  d^ee  of 
dissociation  for  specific  dilutions  varies  with  the  substance.  As  the  conductiv- 
ity depends  in  part  upon  the  number  of  electrically  charged  ions,  the  greater 
the  dissociation  the  larger  the  conductivity.  The  conduction,  however,  further 
depends  upon  the  rapidity  of  motion  and  the  quantity  of  electricity  carried  by 
each  ion.  Dissociation  increases  with  increasing  dilution,  and  is  theoretically 
complete  only  at  infinite  dilution.  On  the  other  hand,  the  larger  the  number  of 
ions  {i.e.,  the  more  concentrated  the  solution),  the  greater  the  conduction.  This 
explains  the  fact  that  solutions  of  HCl,  HNO3,  H2SO4,  KOH,  NaOH,  etc.,  show 
the  greatest  conductivity  when  they  are  moderately  concentrated. 

A  few  examples  of  dissociations  are  given  in  Table  166. 


Table  166. — Dissociation  of  Some  Electrolytes 


Concen- 
tration 

i/v 


O.OOOI 
O.OOI 

0.01 

O.  I 

1 .0 


HCl 


l. . . . 

99 

2 

■     97 

4 

9-' 

4 

79 

2 

Percentage  dissociation 


99  2 

99  0 

97  9 

97  3 

94  I 

93  I 

86.1 

83  0 

/D-  5 

62.8 

KCl        KC2H3O2       J  BaCU 


J  H,S04    1   §  ZnS04       §  CUSO4 


1 

99  2 

99.2 

98.9 

96.  2 

95  9 

89.0 

88.6 

87.9 

66.4 

75  9 

71  3 

41.8 

1   57  9 

53-4 

24.1 

v=  number  of  liters  in  which  i  equivalent  weight  is  dissolved. 


95  I 

93  3 
60.7 

37.8 
21.7 


Ions,  as  shown  by  Hittorf ,  migrate  through  the  electrolyte  at  different  rates 
of  speed.    The  result  is  that,  as  equivalent  quantities  of  anions  and  kations  arc 
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set  free  at  the  anode  and  cathode,  the  concentration  of  the  electrolyte  at  the 
anode  and  cathode  becomes  changed.  This  explains  the  fact  that,  eg,,  in  elec- 
tioiyzing  a  CuSOrsolution,  the  electrolyte  becomes  impoverished  in.Cu  at  the 
cathode  and  enriched  in  SO4  at  the  anode,  and  requires  stirring,  by  some  means 
or  other,  to  obtain  a  uniform  concentration  and  thereby  a  uniform  deposition. 

253.  General  Rules  for  Electrolysis,  i.  Conduction. — Electrolysis  can- 
not take  place  unless  the  solution  be  a  conductor,  and  conduction  is  effected  by 
means  of  the  movement  of  electrically  charged  ions. 

2.  Chemical  Action  in  Single 

Circuit. — ^Equivalent  amounts  of  /TlT      iTh^      /TtT      ^T\\'' 

substances  are  liberated  at  the  elec-  /^        ^       ^       ^       ^ 

trodes,  as  the  current  in  a  circmt  is  I 

equal  at  all  parts.    There  is  chem-  ^ 1 1 1  •  I  ^ 


ical  action  only  at  the  electrodes.  Fig.  324.— Single  circuit. 

In  Fig.  324  representing  a  single 

dradt,  C=cell,   F7'F"F"'=copper  voltameters  arranged  in  series.     The 

weight  of  Cu  deposited  on  each  cathode  in  the  same  time  is  the  same. 

3.  Fajiaday's  Ferst  Law. — ^The  amount  of  an  ion  liberated  by  an  electric 
current  in  a  given  time  is  proportional  to  the  quantity  of  electricity  passing 
through  the  electrolyte.  It  is,  therefore,  independent  of  the  strength  or  tem- 
perature of  the  electrolyte,  of  the  size  and  distance  apart  of  the  electrodes.  In 
Fig.  325  representing  a  divided  circuit,  C= cell,  FF'F"F'"= voltameters.  In 
the  two  branches  V  and  V"  the  weights  of  Cu  will  be  equal  and  the  same  as  in 

the   single  circuit  of  Fig. 

324,  as  the  same  number  of 

amperes  pass  through  them 

in  a  given  time;  the  weights 

of  Cu  deposited  in  F'  and 

7"  will  also  be  equal,  but 

^  ^-  •  1  1    •     •.  only  one-half  of  those  of  V 

Fig.  325.— Divided  circuit.  ^ 

and   V    y  as  only  one-half 
of  the  number  of  amperes  passes  through  them  in  a  given  time. 

4.  Faraday's  Second  Law. — When  a  current  of  electricity  passes  through 

a  number  of  electrolytic  cells  connected  in  series,  elecirochemically  equivalent 

quantUies  of  substances  are  set  free,     i  cpulomb  (  =  1  amp.  per  i  sec.)  liberates 

0.000010384  g.  H.,  which  is  the  e.c.e.  of  H.;  a  current  of  /  amp.  liberates /X 

0.000010384  g.  H.  in  a  second.     In  order  to  find  the  e.c.e.  of  any  other  element, 

,  .  1     .       ,       .    t         .1        /•       atomic  weight  \  ,  ^        _, 

multiply  its  chemical  eqmvaient  U.e.,    —     .  — j  by  0.000010384.     Thus, 

108 
Ag  — Xo.ooooio384  =  o.ooiii8o  g. 

Cu  from  cupric  salt"'   X0.000010384  =  0.000328  g. 

Cu  from  cuprous  salt  —  -  Xo.ooooio384  =  0.000657  g. 
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In  order  to  find  the  weight  of  an  element  deposited  by  electrolysis,  multiply  the 
e.c.e.  by  the  strength  of  current  (amp.)  and  the  time  (sec.)  during  which  it 
flows.  A  current  of  i  amp.  flowing  for  i  hr.  through  a  vat  containing  divalent 
CUSO4  will  deposit 

Cu  =  0.000328  X  I  X  (60  X  60)  =  1. 1832  g. 


W«w«  C» 


amp. 


sec. 


This  theoretical  figure  is,  however,  never  reached  in  practice.  The  effidcnq 
of  deposition  in  refining  is  rarely  much  higher  than  85  per  cent.  It  is  less  a 
the  anode  than  at  the  cathode  on  account  of  the  impurities  in  the  former. 


Table  167. — Electrochemical  Equivalents  and  Grams  Metal  Deposited 

PER  Ampere-hour* 


Anion 

Electrochemical 
equivalent 

g.  per 
amp.-hr. 

Cation 

Electrochemical 
equivalent 

g.  per 
amp.-m. 

Br' 

• 

0.828 

2.982 

Ag 

1.1181 

4.02s 

BrO,' 

1.326 

4.772 

AI*" 

0.0936 

0.3369 

CI' 

0.3672 

1.322 

As" 

0. 2590 

0.932 

CIO,' 

0.864 

3. 112 

Au" 

0.681 

2.451 

CHO,' 

0.4662 

1.678 

Ba" 

0.712 

2.562 

C,H,0,' 

0.611 

2.  201 

Ca" 

0.2077 

0.748 

CN' 

0. 2694 

0.971 

Cd* 

0.582 

2.096 

CO," 

0.3108 

1. 119 

CO" 

0.3056 

1. 100 

CrO/' 

0.4558 

1. 641 

Cr" 

0.1799 

0.648 

CrO" 

0.601 

2.165 

Cu- 

0.659 

2.372 

F' 

0. 1968 

0.709 

Cu* 

0.3294 

1 .  186 

I' 

1-315 

4.735 

Fe* 

0. 2895 

1.042 

IO3' 

1. 813 

6.525 

Fe" 

0. 1930 

0.69s 

NO,' 

0.642 

2.312 

H* 

0.01044 

0.03759 

0" 

0.0829 

0.2983 

Hg' 

2.072 

7.46 

OH' 

0. 1762 

0.634 

K* 

0.4056 

1.460 

SiO," 

0-3957 

1.425 

Li* 

0.0728 

0.2622 

S" 

0. 1661 

0.598 

Mg" 

0.1262 

0.4542 

Se" 

0.4102 

1.477     • 

Mn" 

0. 2849 

1. 02s 

SO4" 

o.497'5 

I.  791 

Na 

0. 2388 

0.860 

Te" 

0.661 

2.379 

Ni* 

0.3040 

1.094 

1 

NH/ 

0. 1869 

0.673 

3.858 

I  494 
2.219 

' '                            1 

,,,,,,,    ,,    ,         ..    -.    .-    ----    ..    .1.    ..    .*^.    ..    ..    ..    . 

!  Pb" 

1.072 

1 

1 
1 

1     ^ 
1  Sb'" 

o.4i(; 

1 

1 
Sn" 

0.616 

1                            1 

Sn**" 

0.3082 

1. 109 
I  633 
1. 190 

7.61 

.    .    .'.    .    ^      ^.^.^.^.'.\'.^.^.^...\..\ 

Sr" 

0.45?7 

: 1 , 

1  Te"* 

T  00  1 

o.33o«: 

Tl* 

2.  114 

, 1 

•    •••••■••■••••, 

,  Zn- 

1 

0.3387 

I.  219 

1 

*  Standard  Handbook  of  Electrical  Engineers,  McGraw  Hill  Book  Company,  New  Y* 
1908,  p.  968.     See  also  Hering,  Electrochem,  Ind.,  1903,  i,  170. 
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5-  Electrolvtic  Solution  and  Osmotic  Pressure. ^In  order  to  explain 
the  solution  of  the  different  metais  in  the  anodes  used  in  electrolytic  refining 
processes,  and  the  deposition  of  metals  upon  the  cathodes,  it  is  necessary  to 
give  a  brief  statement  of  the  Nernst  theory  of  the  potential  of  "reversible  metal- 
lic electrodes."  By  reversible  metallic  electrode  is  understood  a  metal  dipping 
in  a  solution  of  one  of  its  salts.  According  to  this  theory  the  e.m.J.  between  the 
solution  and  the  metal  is  given  by  the  equation: 


RT, 


P    0.058,         P 


_  value  uj 

■        happen 


for  room  temperature,  in  which  R=gas  constant,  7"=  absolute  temperature, 
valence  of  metal,  P  =  electrolytic  solution  pressure,  ;p  =  osraotic  pressure  of 
metallic  ions.     When  a  piece  of  metai  is  dipped  into  such  a  solution,  one  of  three 
things  may  happen  according  ^sP>p,  P<P,  P=p- 

If  P>p,  some  of  the  metal  goes  into  solution,  the  ions  charging  the  solution, 
positive  and  the  metal  negative.     This  dissolving  continues  until  the  elecl 
static  attraction  between  the  electrode  and  solution  plus  the  osmotic  pressure 
are  sufficient  to  balance  the  electrolytic  solution  pressure. 

If  P<P,  some  of  the  metallic  ions  in  solution  de]K>sit  upon  the  electrode 
charging  the  metallic  electrode  positively  and  the  solution  negatively.  The 
electric  force  lending  to  send  the  metal  into  solution  is  now  in  the  opposite 
direction  from  that  in  the  former  case,  it  is  added  to  the  value  of  P\  and 
when  the  sum  of  Ihis  force  and  of  P  equals  p,  equilibrium  is  again  established. 

If  P  =  p,  nothing  happens,  and  e.m.f.  =  2ero. 

The  quantity  P  refers  to  the  metal  in  the  pure  state;  if  this  ts  made  less 
concentrated  by  diluting  it  with  some  other  more  electronegative  metal  the  value 
is  changed;  the  same  is  the  case  if  the  metal  is  deposited  upon  another  metal 
in  a  very  thin  film. 

To  consider  separately  the  action  at  the  anode  and  at  the  cathode: 

The  Anode. — A  pure  metal  dipping  in  a  solution  of  one  of  its  salts  may  be 
dissolved  or  deposited,  if  the  potential  difference  between  it  and  the  solution  is 
changed  the  slightest  amount  from  the  potential  which  it  exhibits  in  the  solu- 
tion. It  will  be  dissolved  if  this  small  externally  applied  electromotive  force  is 
directed  from  the  metal  to  the  solution;  it  will  be  deposited  if  the  electromotive 
force  applied  is  oppositely  directed.  An  impurity  in  an  anode  will  always  dis- 
solve if  it  is  more  electropositive  than  the  principal  metal  of  the  anode;  it  may  be 
immediately  precipitated  by  some  salt  contained  in  the  solution.  Metals  more 
electronegative  than  the  principal  metal  of  the  anode  will  not  dissolve;  if  in 
solution  they  will  be  precipitated  by  the  principal  metal  of  the  anode.  Whether 
an  impurity  is  more  electropositive  or  more  electronegative  than  the  principal 
metal  depends  upon  the  value  P,  its  electrolytic  solution  pressure,  and  the  value 
p,  the  osmotic  pressure  of  its  ions  in  solution.  The  value  P  of  a  pure  metal 
changes  when  this  contains  a  small  amount  of  another  metal  as  impurity;  the 
value  of  p  for  the  impurity  is  much  smaller  than  for  the  principal  metal.  It  may 
happen  that  when  the  solution  is  fresh  and  does  not  contain  much  impurity,  a 


tion^^H 

itT&^^H 
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given  impurity  will  be  electropositive  to  the  principal  metal,  while  after  it  has 
accumulated  in  solution,  it  will  become  electronegative. 

The  Cathode. — Here  the  same  considerations  apply.  If  an  impurity  is 
relatively  electronegative,  it  will  be  deposited;  if  electropositive,  it  will  not.  But 
as  above,  its  behavior  depends  upon  its  concentration.  •  When  dilute,  it  may  be 
relatively  electropositive  and  will  not  be  deposited;  upon  becoming  more  con- 
centrated, it  may  have  the  same  potential  difference  as  the  principal  metal  and 
be  deposited  with  it. 

At  the  cathode  there  has  also  to  be  considered  the  liberation  of  H.  The 
e.m.f.  at  which  H  is  liberated  on  a  metal  cathode  depends  upon  the  character 

P 

of  the  metal  and  finds  expression  in  e=^e'-\-RT  log.  -,  in  which  P=  electrolytic 

solution  pressure  of  H,   />  =  osmotic  pressure  of  H-ions,  and   e'  the  "over- 
voltage"  for  metal  of  which  the  cathode  consists.     K  the  potential  drop 

P 

from  the  solution  to  the  cathode  is  equal  to  or  greater  than  e'+RT  log.  ^,thcn 

H  will  be  deposited ;  if  less,  it  will  not. 

In  the  above  discussion  it  has  been  assumed  that  all  the  metals  form  soluble 
salts  with  the  anion  of  the  electrolyte.  Any  metal  that  forms  an  insoluble  salt 
with  the  anion  cannot  exist,  of  course,  in  solution  to  any  appreciable  extent.  If 
it  is  attacked  by  the  current,  it  will  adhere  to  the  anode  or  drop  off  into  the  anode 
mud. 

In  the  case  of  two  electrodes  of  the  same  metal  dipping  into  a  solution  of 
one  of  its  soluble  salts,  as  much  energy  is  used  at  one  electrode  as  at  the  other 
when  a  current  is  passed.  This  explains  why  the  smallest  e.m.f.  sends  a  cur- 
rent through  such  a  cell. 

The  leading  metals  arranged  in  the  order  of  their  electrolytic  solution  pres- 
sures give  the  following  scries: 

ELECTROPOSiTrv'E:   Na,  Ca,  Mg,  Al,  Mn,  Zn,  Cd,  Fe,  Co,  Ni,  Sn,  Pb,  H,  Bi,  Sb,  As,  Cu, 

Ilg,   Ag,   Pd,   Pt,   Au:    ELECTRONKGATrVE. 

6.  Calculation  of  Electromoti\'e  Force  (Thomson  Rule). — ^The  basis 
of  the  relation  between  electrical  and  chemical  energ>%  as  shown,  is  that  i  cou- 
lomb deposits  o.oii'iSi  g.  of  Ag  or  liberates  0.000010584  g.  of  H.  In  order  to 
set  free  i  g.  H  or  i  gram-equivalent  of  any  other  element,  an  expenditure  of 

-—-  =  06,^40  coulomb  is  required;  this  quantity  of  electricity  is  called 

0.000010304 

a  Faradav  and  is  usually  denoted  bv  the  letter  F. 

It  is  often  desired  to  calculate  the  e.m.f.  necessary  to  decompose  a  given 
chemical  com]>ouncl,  or  to  tind  the  e.m.f.  that  would  be  produced  in  a  battery 
from  the  union  of  given  chemicals.  This  may  be  done  approximately  from  the 
heats  of  eomhination.  It  was  formerly  supposed  that  the  heat  of  combination 
anil  the  electrical  energy  were  equal  to  one  another;  or  if  Q=the  heat  energy 
of  the  union  of  one  molecular  weight  of  a  substance,  then  the  e.m.f.  could  be 
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calculated  from  the  equation  n£F=QX4.i9,  in  which  «=the  number  of  equiv- 
alents in  one  molecular  weight.    Since  F=o6,S4o,  we  obtain  £=— rr • 

6  y  9^-1^9  «X  23040 

This  b  known  as  Thomson's  Rule.    The  rule  is  incorrect,  as  the  true  relation 
between  heat  and  electrical  energy  is  given  by  the  Gibbs-Helmhotz  equation 

nEF=Q+T-Tj.y  in  which  r=  absolute. temperature,  and  Tr^-the  temperature 

coefficient  of  the  e.m.f.    As  this  coefficient  is  generally  not  large,  Thomson's 
rule  is  used  sometimes  to  give  an  approximate  value. 

With  a  compound,  consisting  of  two  elements,  the  products  of  decomposi- 
tion will  be  the  original  components: 

H2+0  =  H20+69,ooo,  liq.,  g.  cal.,  «  =  2  valencies, 

hence r  =— . . =  1.40  =  1.5  volts. 

2  X  23040       ^^       ^ 

Cu+Cl2+aq.  =  62,500  g.cal.,  n  =  2  valencies, 

hence  V=  -,  — =  i .36  volts. 

2  X  23040 

With  a  compound  consisting  of  a  basic  element  and  an  add  radical,  the 
voltage  may  be  calculated,  (i)  for  decomposition  into  ultimate  constituents,  or 

(2)  for  the  actual  products  obtained  in  electrolysis.   Thus,  (i)  Cu-|-S-f-04+aq. 

107  (^oo 
=  197,500  g.  cal.,  n  =  2,  r  =  — ^         -  =4.30  volts.    This  calculation  has,  how- 

2  /\  23040 

ever,  no  practical  interest,  as  CUSO4  cannot  be  broken  up  into  Cu,  S  and  O4  by 

electrolysis. 

(2)  CuS04+H20  =  Cu+H2S04+0. 
—  i97;5oo— 69,000+210,000=  —56,300  g.  cal. 

-\.  -    —  =  1.22  volts. 
2X23040 

Table  167a  by  Richards*  gives  for  one  chemical  equivalent  the  thermochem- 
ical  constants  for  basic  and  acid  elements,  and  the  corresponding  drops  of 
energy  in  their  decomposition ;  H  has  been  selected  as  basic  reference  and  has 
received  the  value  zero. 

In  the  formation  of  CuCU  the  data  in  the  table  are  —7,900  Cu,  +39,400 
CI2  =31,500  g.  cal.  for  I  chemical  equivalent;  the  corresponding  drop  in 
voltage  is  —0.34  Cu,  +1.71  Cl2  =  i.37  volts,  which  agrees  with  the  previous 
calculation. 

The  order  in  which  the  elements  are  placed  gives  also  the  order  in  which  they 
will  be  deposited  one  after  another  by  decreasing  voltages.  A  second  table  by 
Richards  in  the  paper  quoted  gives  the  data  for  decomposing  compounds  of 
basic  elements  and  acid  radicals  into  their  ultimate  constituents. 

^  /.  Frdnkl.  Inst.,  1906,  clxi,  131,  163. 
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Table  167a.— Thkrmociu:mical  Constants  per  Chemical  Equivalent  with  Coue- 

spoNDiNG  Voltages* 


Basic  elements 


Acid  dements 


Element 


Li* 

Rb* 

K" 

Ba" 

Sr" 

Na* 

Ca* 

Mg* 

Al"' 

(N+H4)- 

Mn" 

Zn.. 

Fe* 


Per 

chemical 
equiva- 
lent, 
g.  cal. 


+  62,900 
+62,000 
+  61,900 
+  59.950 
+  58.700 
+  5  7. 200 
+  54.400 
+  54.300 
+  40,100 
+  33.400 
+  24.000 
+ 17,200 
+ 19.900 


Corre- 
. spond- 
I      ing 
I  voltage 


Ele- 
ment 


Per 

chemical 
equiva- 
lent, 
gr.  cal. 


Corre- 
spond- 
ing 
voltage 


Element 


Per 
chemical 
equiva- 
lent, 
g.  cal. 


Cofxe- 
spond- 

ing 
voltage 


Salt 


+  2. 

i+2. 
1+2. 
'  +2. 
>+2. 
I  +2. 
I   +2. 

'  +2, 

I 

+  1. 
+  1 

,  +0, 


73 
69 


Cd* 
Co" 


69  i  Ni* 


60 
55 


Fe" 
Sn" 


48     Pb" 


36 
36 
74 
45 
08 

75 


II* 

Tl" 

Cu* 

Hg" 

Pf   • 

Ag 


+  0.47     Au"* 


+  9.000 

+  0.39 

+    8.200 

+  0.36 

+  7.700 

+  0.33 

+  3.230 

+  0.14 

+  1,900 

+  0.08 

+   400 

+0.02 

0 

0 

—         900 

—  0.04 

-     7.900 

-0.34 

-14.250 

—  0.6a 

-19.450 

—  0.84 

-25.200 

—  1. 10 

-30,300 

—  1.32 

F"«  (gas) 
Cl"f  (gas) 
Br"f  (gas) 
Br"  Oiquid) 
Br'  (solid) 
r'f  (gas) 
r  Oiquid) 
r  (solid) 
S"  (solid) 
Se"  (met.) 


+  sa.900 
+39.400 
+  32.300 
+  28.600 
+  27,300 
+  20.000 
+  14,600 
+  13.200 
-  S.ioo 
-17.900 


+2.30 
+  1.71 
+  1.40 
+  1.20 
+  X.18 
+  0.87 
+0.63 
+O.S7 

—  0.2a 

—  0.78 


Fluoride. 

Chloride. 

Btomide. 

Bromide. 

Bromide. 

Iodide. 

Iodide. 

Iodide. 

SiUphide 

Sdenide. 


I 


The  calculation  of  potential  according  to  the  formulae  of  Nemst  from  the 
electrolytic  solution  and  osmotic  pressures  is  so  far  not  available  for  metallur- 
gical processes,  as  the  experimental  data  are  missing.  Some  decomposition  volt- 
ages which  have  been  determined  experimentally^  are  assembled  in  Table  168. 

T/Vble  168. — Decomposition  Voltages  of  Various  Solutions 

Acids:  H2SO4  1.67,  HNO3  1.69,  naP04  1.70,  HCI  1.31,  HJC3O4  0.95,  HBr  0.94,  HI  0.52. 
Bases:    NaOH  1.69,  KOH  1.67,  NH40H  1.74. 

Salts:    ZnS04  2.35,  ZnBrj  1.80,  NiS04  2.09,  NiCU  1.85,  PbfKOs)t   1.52,  AgNOi  o.;o, 
CdCNOi)!  1.98,  CdS04  2.03,  CdCl2  1.88,  C0SO4  1.92,  CoClj  1.78. 

7.  Character  of  Deposit. — The  character  of  the  deposit  depends  to  a 
certain  extent  on  the  current  density.  With  values  of  the  latter  that  are  too 
large  the  deposit  is  generally  spongy ;  if  too  small  it  often  does  not  come  down 
well.  In  practice  there  is  no  danger  of  erring  on  this  side.  Nodules  at  the  cor- 
ners and  edges  are  due  to  the  greater  current  density  at  these  places  than  at 
others.  From  mixed  solutions,  alloys  may  be  deposited  by  a  current  of  suffi- 
cient e.m.f .  to  decompose  the  salt  of  the  more  electropositive  metal  as  long  as  the 
e.m.f.  of  the  two  metals  are  not  too  far  apart;  thus  brass  is  deposited  from 
Zn-Cu  cyanide  solutions  but  not  from  sulphate  solutions. 

8.  Grouping  OF  Cells  or  Vats.— Electrolytic  cells  or  vats  are  arranged  in 
scries  or  in  parallel  or  in  a  combination  of  the  two  systems.    The  arrangement 

*  The  normal  number  of  equivalents  of  an  element  are  designated  by  a  dot  (')  representing  a 
negative,  and  by  a  stroke  (')  a  i)ositivc  bond. 

'  Standard  Handbook  for  Electrical  Engineers,  McGraw  Publishing  Co.,  New  York,  1908, 

p.  975. 
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of  cells  is  governed  by  the  voltage  of  the  dynsCmo.  With  a  given  voltage  enough 
vats  must  be  connected  in  series  for  their  combined  resistances  to  furnish, 
according  to  Ohm's  law,  the  desired  current.  Then  as  many  vats  as  the  dy- 
namo can  supply  with  the  current  are  grouped  in  parallel. 

In  technical  electrolytic  work,  both  the  multiple  and  series  systems  are  in 
operation.  In  the  former,  which  is  the  more  common,  the  anodes  and  cathodes 
of  a  vat  are  coupled  in  parallel  and  the  vats  in  series,  and  the  number  of  vats  is 
increased  to  fit  the  voltage  of  the  dynamo;  in  the  latter,  the  electrodes  are  placed 
in  series,  while  a  number  of  vats  are  connected  in  parallel. 

9.  Insoluble  and  Soluble  ANODES.-^In  electrolyzing  a  CuS04-solution 
using  an  insoluble  anode,  Cu  is  deposited  on  the  cathode  and  Obubbles  are 
set  free  at  the  anode:  CuS04=Cu+S04  and  S04+H20=H2S04+0.    As  the 
solution  becomes  poorer  in  Cu  and  richer  in  add,  H-bubbles  are  set  free  at  the 
cathode.     Energy  is  wasted,  because  useless  O  and  H  are  generated;  the  current 
is  weakened  by  the  increased  resistance  caused  by  the  badly  conducting  films 
of  gas  which  cover  the  electrodes,  and  because  an  opposing  e.m.f.  is  set  up  by 
the  H  at  the  cathode.    Insoluble  anodes  are  therefore  the  exception  in  metallur- 
gical electrolytic  work.    Siemens  and  Halske  have  utilized  the  anode  energy 
obtained  from  electrolyzing  with  insoluble  anodes  a  solution  of  mixed  blue  and 
green  vitriol  for  oxidizing  FeS04  to  Fe2(S04)3,  viz.:  2CuS04+4FeS04  =  Cu2+ 
2Fej3S04;  they  thus  regenerate  their  solvent  for  dissolving  roasted  copper-iron 
sulphides.    Hoepfner  in  his  process  has  electrolyzed  one-half  of  a  solution  of 
CusCli  in  brine  and  perchlbridized  the  other  half  with  the  CU  set  free,  viz.: 
CuiCli=Cu2+Cl2  and  Cu2Cl2+Cl2=2CuCl2;  he  thus  also  regenerates  his  sol- 
vent for  treating  silver-bearing  roasted  copper-iron  sulphides. 

In  electrolyzing  a  CuS04-solution  using  a  soluble  anode  of  Cu,  Cu  is  again 
deposited  on  the  cathode,  but  the  anode  energy  (SO4)  is  utilized  to  dissolve  the 
anode  Cu.  Approximately  the  same  amount  of  energy  is  consumed  at  the  cath- 
ode by  decomposition,  CuS04*=^Cu+S04,  as  is  generated  at  the  anode  by  forma- 
tion of  CUSO4.  No  bubbles  of  O  are  set  free  at  the  anode,  and,  as  a  lower  e.m.f. 
is  required  than  for  the  decomposition  of  H2O,  no  H-bubbles  are  liberated  at  the 
cathode. 

The  anode  in  electrolyzing  CUSO4  need  not  be  Cu;  it  can  be  a  copper  com- 
pound, f.  ^., matte  5CuSo4+(2Cu2S-h4FeS)  =9Cu+2FeS04+Fe2(S04)3+6S,or 
6CuS04+(2Cu2S-F4FeS)  =  ioCu-|-2Fei(SO 4)3+55,  but  since  more  Cu  is  de- 
posited on  the  cathode  than  dissolved  at  the  anode,  the  electrolyte  vdW  have  to  be 
quickly  circulated  and  brought  to  the  normal  percentage  of  Cu  by  being  made 
to  act  chemically  upon  fresh  matte,  if  gas  bubbles  are  to  be  avoided. 

10.  P&DCARY  AND  SECONDARY  REACTIONS.' — In  electrolytic  work  a  metal 
may  be  deposited  directly  by  a  primary,  or  indirectly  by  a  secondary  reaction. 
In  a  primary,  the  current  directs  the  ions  toward  the  electrodes  and  liberates 
them  there  as  ions,  e,g,,  cathode  ♦-  Cu  |  SO4  — *  anode.  In  a  secondary  reaction 
the  ions  react  upon  themselves,  upon  the  electrodes,  or  the  electrolyte,  causing 

*  Richards,  /.  FrankL  Inst.,  1901,  clii,  201. 
Stevenson,  Mei.  Chem,  Eng,,  1910,  viii,  240. 
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substances  to  form  at  the  electrodes  other  than  the  ions,  e.g.^  primary:  cathode 
<-K  I  Ag(CN)2-*  anode  (Ag);  at  the  cathode,  secondary:  K+B:Ag(CN)i= 
2K(CN)+Ag  deposited;  at  the  anode,  secondary:  Ag(CN)i+Ag=2Ag(CN); 
now  2K(CN)+2Ag(CN)  =  2KAg(CN)i  regenerates  the  original  solution. 

254.  The  Electrolytic  Plant  and  its  Management — In  order  to  obtain  the 
data  required  for  the  erection  of  a  new  plant,  one  can  follow  precedent  or  carry  on 
systematic  investigations  of  a  process.^ 

After  the  voltage  required  has  been  acertained,  data  must  be  found  for  the 
concentration  and  acidity,  or  alkalinity  of  the  electrolyte,  for  the  strength  of 
current  and  distance  of  electrodes.  In  experiments,  the  cells  used  must  not  be 
too  small  (not  <4  in.  sq.  for  Cu),  as  otherwise  the  results  will  be  unreliable 
when  interpreted  for  a  working  scale.  These  main  data  having  been  ascer- 
tained the  following  problems*  should  be  studied. 

(i)  Required  output  of  metal  per  day;  (2)  required  purity  of  anode  and  of 
electrolyte  which  governs;  (3)  rate  of  deposition  (impure  anodes  require  slower 
work  than  pure  for  same  quality  of  cathode  metal;  with  expensive  power,  slow 
work  may  be  cheaper  than  quick) ;  (4)  size  of  electrodes  and  total  cathode  area 
(large  electrodes  are  inconvenient  to  handle,  small  electrodes  increase  number 
of  contacts) ;  (5)  vats,  their  size  and  number  of  electrodes  per  vat,  their  number 
and  necessary  floorspace,  their  material  of  construction  (wood,  lead-lined,  taned, 
rubber-painted;  stone;  glazed  earthenware);  their  arrangement  on  level  or  ter- 
raced plane;  (6)  dynamo,  kind,  capacity,  and  e.m.f.;  (7)  power,  kind  and 
amount. 

An  electrolytic  plant  requires  constant  supervision  in  order  to  obtain  a  high 
efficiency,  (i)  The  current  must  be  kept  uniform  (constant  measurement  of 
amperage  and  periodical  measurement  of  voltage).  Thus  short-circuiting,  dam- 
age to  dynamo,  defective  contacts,  changes  in  electrode  distances,  badly  con- 
ducting coatings  on  anodes,  and  inferior  cathode  deposits  must  be  avoided. 

(2)  The  electrolyte  must  be  kept  moving  and  frequently  analyzed.  A  solu- 
tion that  is  not  stirred  or  circulated  becomes  poorer  in  metal  at  the  cathode  and 
richer  at  the  anode,  the  heavier  liquor  sinks  and  forces  up  the  lighter  one  Gayer- 
ing),  and  the  current  goes  mainly  through  the  heavier  one,  or  through  a  smaller 
electrode  area  and  changes  values.  The  electrolyte  must  be  tested  for  metal 
content  and  acidity,  or  alkalinity,  and  its  temperature  taken.  An  excess  of 
H2O  increases  the  resistance,  a  lack  of  it  causes  salts  to  settle  upon  the  anode; 
an  excess  of  acid  or  alkali  may  attack  the  cathode,  a  lack  of  it  may  cause  oxide 
to  settle  upon  the  anode;  accumulation  of  impurity  affects  the  cathode  deposit; 
floating  matter  does  the  same. 

(3)  The  anode  mud  must  be  removed  at  fixed  intervals;  as  certain  impurities 
in  the  mud,  as  shown  above,  are  sure  to  go  into  solution  if  left  even  a  short 
time  in  the  vat,  and  as  the  mud,  growing  too  thick,  may  cause  short-circuiting 
or  may  be  stirred  up  in  exchanging  electrodes. 

*  Oettel,  F.,  and  Smith,  E.  F.,  "Introduction  into  Electrochemical  Experiment,"  and 
"Practical  Exercises  in  Electrochemistry,"  Blakiston,  Philadelphia,  1897. 

*  Gore,  op.  cil.y  p.  2?4. 
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(4)  The  anodes  must  be  replaced  at  stated  intervals  as  well  as  the  cathodes, 
and  the  anodes  may  have  to  be  brushed  off  to  remove  coatings,  etc. 

255.  Dry  Electrolysis.^ — ^The  electrolysis  of  fused  electrolytes  has  been 
practiced  so  far  in  metallurgical  plants  only  in  the  reduction  of  AljOs.  Many 
t)rocesses  for  the  treatment  of  other  ores  and  for  refining  metals  have  been  pro- 
posed. In  all  of  them  either  the  ore  itself  (camallite,  KMgCl»+6aq.)  forms  the 
electrolyte,  or  the  ore  is  held  in  igneous  solution  by  a  salt  which  requires  a  higher 
potential  for  decomposition  than  the  ore  (AljOs  in  3NaF.2AlFs);  such  salts 
are  mainly  chlorides  and  fluorides.'  In  both  cases  the  anode  may  be  attacked 
by  the  electronegative  component.  As  a  rule,  the  resistance  of  the  fused  elec- 
trolyte to  the  passage  of  the  current,  considering  the  size  of  the  vat,  is  sufficiently 
high  to  keep  the  bath  fluid  without  having  to  resort  to  an  extraneous  source  of 
heat,  •  The  temperatures  attained  rarely  exceed  1,000**  C.  Part  of  the  energy 
of  the  current  is  required  for  the  chemical  work ;  the  rest  {E-e)  is  converted  into 
heat  to  keep  the  batji  fluid,  thus  H =o,2^,{E-e)J ,L  The  specific  resistance 
of  fused  electrolytes  is  low,  e.^.,  that  of  PbCU  is  i/s  that  of  the  minimum 
value  of  H2SO4.  Hampe'  classed  as  good  conductors:  (Ba.Na2.K2)Cl2.Br2.l2; 
(Sr.Ca.Mg.Zn.Cd)Cl2.Br2;  (Zn.Cd.Pb)l2;  (Sn  Cu2)Cl2;  Bids;  as  inferior 
conductors:  HgCU,  SbCU;  as  non-conductors:  AlCls,  AlBrs,  SnCUy  AsCls- 
An  electrolyte  should  have  the  following  properties:*  low  melting-point,  sta- 
bility at  temperature  above  the  melting-point,  low  vapor  tension,  good  con- 
ductivity, fluidity  and  homogeneity,  low  dissolving  power  for  cathodic  metal, 
low  voltage  of  decomposition,  and  its  anion  little  corrosive  effect  upon  anode  or 
vessel. 

The  principles  outlined  for  wet  electrolysis  hold  good  for  dry  electrolysis.  It  is 
assumed  that  all  the  molecules  of  a  fused  salt  participate  equally  in  the  trans- 
port of  electricity  and  not  only  the  solute  as  is  the  case  with  wet  electrolysis. 
One  of  the  difficulties  encountered  in  dry  electrolysis  is  the  formation  of  a  mist 
of  finely  divided  metal  which  permeates  the  electrolyte  and  disturbs  the  regular 
passage  of  the  current;  another,  the  formation  at  the  anode  of  secondary 
products  which  coat  it  and  stop  the  process.  It  is  essential  to  keep  the 
composition  of  the  electrolyte  constant  as  well  as  its  temperature. 
Changes  in  composition  cause  variations  in  current  density;  a  rise  in  tem- 
perature consumes  power  and  causes  solution  of  deposited  metal  and  its  pos- 
sible oxidation  at  the  anode.  The  anode,  usually  C,  sometimes  water-cooled 
metal,  has  to  be  adapted  to  the  process.  The  vat,  steel  or  cast-iron,  lined 
with  refractory  argillaceous  or  carbonaceous  material,  does  not  last  very 
long. 

256.  Source  and  Cost  of  Power, — Galvanic,  storage  and  thermo-electric 
batteries  are  used  only  in  laboratory  experiment.     The  apparatus  for  generat- 

'Lorenz,  R.,  "Die  Electrolyse  Geschmolzcner  Salze,"  Knapp,  Halle,  1905-06. 

*  Melting-points  of  mixtures:  Kem-Auerbach,  School  Min,  Quart. ^  1907,  xxdc,  77,  78. 

*  Ckem.  Z.,  1887,  XI,  816;  1888,  xii;  /.  Chem.  Sac.  (Engl.),  1888,  xuv,  211  (abstracts). 

*  Kem-Auerbach,  School  Min,  Quart. ^  1907,  xxix,  67. 

Houben:  Solubility  of  Met.O  and  Met.S  in  fused  NaCl,  Metallurgies  1912^  ix^  sq2« 
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ing  electric  currents  to  be  used  in  metallurgical  work  is  the  dynamo-dectiic 
machine^  which  converts  mechanical  into  electrical  energy. 

Alternating-current  (A.C.)  generators  are  usually  employed  for  dectro- 
thermic  work.  Direct-current  (D.C.)  generators  have  to  be  used  for  dcctio- 
lytic  work.  Table  169  gives  the  characteristics  of  some  of  the  dynamos  used 
in  metallurgical  plants. 


Table  169. — Dynamos  of  Some  Metallurgical  and  Chemical  Plants* 


Generator 


Single-phase. 
Single-phase. 


Direct-current. 

Direct-current. 
Direct-current. 
Direct-current. 
Direct-current. 
Direct-current. 
Direct-current. 
Direct-current. 
Direct-current. 
Direct-current. 


Poles 

Kw. 

Rev. 

Amp. 

Volt 

20 

12 
10 

8 

14 
18 

18 
14 


500 
1,000 

162 

300 

2,100 
2,200 

3,540 

1,500 

1,050 

300 

520 

Sio 


150 
400 

410 

600 
225 
140 
300 
214 
100 

ISO 
no 

125 


10,000 

2,400 
4,500 
1,700 


no 
45 

54 

25-75 
700 

500 

650 

250 


Application 


Electric  steel  smelting. 
Caldum     carbide    numu- 

factuiing. 
Bleaching    liquor    manu- 

facturing. 
Electroljrtic  refining. 
Aluminum  smelting. 
Aluminum  smelting. 
Aluminum  smelting. 
Copper  refining. 
Copper  refining. 
Copper  refining. 
Copper  refining. 
Copper  refining. 


The  cost  of  an  electro-metallurgical  operation  depends  primarily  upon  the 
cost  of  current,  and  this  upon  the  cost  of  mechanical  energy  and  the  loss  in 
converting  mechanical  into  electrical  energy. 

The  cost  per  h.p.-year  varies  with  the  source  of  power  (steam,  water,  gas, 
oil,  engine),  the  size  of  plant  (large  cheaper  than  small),  the  manner  of  applica- 
tion (working  full-  or  half-time;  full-load,  partly  loaded).  Emery'  estimates  for 
ordinary  electric-lighting  stations,  running  10  hr.  a  day  with  steam-power  and 
coal  at  $3  per  long  ton,  the  cost  per  i  h.p.-hr.  is  i  cent  or  the  h.p.-year  $30.80. 
Water-power  under  favorable  conditions  has  been  developed  in  this  countrj'  at 
$8  to  $12  per  h.p.-year.    High  rentals  and  other  imfavorable  conditions  have 

>  Franklin,  VV.  S.,  and  Esty,  Wm.,  "Direct-current  Machines,  Electric  Distribution  and 
Lighting,'*  Macmillan,  New  York,  1906;  Alternating  Currents,  191 1. 

Sheldon,  S.,  and  Mason,  H.,  "  Dynamo-electric  Machinery:  Its  Construction,  Design  and 
Operation,"  Van  Nostrand,  New  York;  Direct-current  Machines,  1909;  Alternating-current 

Machines,  IQ04. 

Thompson,  S.  P.,  "  Dynamo-electric  Machinery,"  Spon,  London-New  York;  Continuous- 
current  Machines,  1904;  Alternating-current  Machinery,  1905. 

'  See  also:  General  Electric  Co.,  Schenectady,  N.  Y.,  Bull,  4860,  Sept.,  191 1. 
*/.  Frankl.  Inst.,  1896,  xlii,  165  to  186. 
Doherty,  Am.  Inst.  Elect.  Eng.,  Dec.  16,  1909;  Met.  Chem.  Eng.^  1910,  vin,  116. 
Crabtrce,  Met.  Chetn.  Eng.,  1910,  viii,  337. 
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placed  it  as  high  as  steam-power.  Emery  believes  (i)  that  a  very  large  water- 
power  may  be  developed  and  the  power  transmitted  locally  with  advantage 
in  comparison  with  steam-power  even  where  fuel  is  cheap,  if  the  costs  of  con- 
struction are  kept  within  reasonable  limits;  (2)  that  trailsmission  of  power  20 
miles^  from  waterfall  is  practicable  even  in  competition  with  cheap  fuel,  if  the 
power  is  utilized  24  hr.  per  day  or  in  large  units,  or  delivered  in  high  tension 
on  the  premises  of  the  manufactory  and  distributed  under  conditions  less  exact; 
ing  than  those  which  obtain  in  large  cities;  (3)  that  when  fuel  is  $3  a  ton  or 
over,  electric  transmission  is  generally  practicable. 

In  converting  mechanical  into  electrical  energy,  it  is  advisable  to  assume 
a  loss  of  10  per  cent,  giving  a  gross  eflSdency  of  90  per  cent.  Of  the  energy 
delivered  by  the  dynamo  it  can  be  assumed  that  only  75  per  cent,  does  actual 
work  (net  or  commercial  efficiency),  the  remaining  25  per  cent,  being  lost  by 
heating  of  conductors  and  by  leakage. 

*  In  California  a  hydroelectric  power  station  transmits  power  250  miles  at  100,000  volts. 
In  the  East  a  number  of  stations  use  between  30,000  and  60,000  volts;  the  common  ratios  for 
transformers  are  10:1,  100:1,  1,000:1 


CHAPTER  XI 

MECHANICAL  METALLURGICAL  OPERATIONS 

.  257.  Introduction. — Metallurgical  processes  necessitate  mechanical  opera- 
tions which  have  to  deal  with  solid,  liquid  or  gaseous  materials.  Thus  coarse 
ores  may  have  to  be  crushed,  fine  ores  and  dust  concentrated  and  briquetted; 
metals  and  alloys  are  frequently  fashioned  by  rolling,  forging,  pressing  and 
drawing  for  use  in  the  arts;  solutions  have  to  be  handled  in  wet  processes,  and 
solids  separated  from  liquids  by  filter-pressing  or  other  mechanical  means; 
smelting  operations  require  forced  draft  or  blast,  and  the  air  may  have  to  be 
heated  or  cooled  before  it  is  made  to  act  upon  fuel  or  charge;  the  vapors  and 
gaseous  products  of  a  process  have  to  be  withdrawn  from  the  apparatus  in  which 
they  are  produced,  and  perhaps  some  of  the  values  recovered  as  flue  dust  before 
the  gases  are  allowed  to  pass  off  into  the  open.  These  and  similar  operations, 
common  to  many  metallurgical  processes,  are  passed  in  review  in  this  chapter. 

A.  ORES 

258.  Crushing  Ores  in  General.^ — Ores,  fluxes,  fuels  and  some  intermediary 
metallurgical  products,  such  as  speise  and  matte,  which  are  too  coarse  for  a 
process  have  to  be  reduced  to  suitable  sizes. 

Crushing  machinery  is  conveniently  classed  according  to  the  size  of  the 
product  as  coarse-crushing,  furnishing  material  2  1/2  to  3/4  in.  diam.;  medium- 
size  crushing,  3/4  in.  to  30-  and  40-mesh,  and  fine-crushing  30-  and  40-mesh  and 
smaller.  The  sizes  from  1/4  in.  (or  1/2  in.)  upward  are  designated  by  the  open- 
ing in  the  screen  measured  in  inches;  sizes  smaller  than  1/4  in.  are  designated  by 
the  number  of  meshes  to  the  linear  inch.  Such  a  screen,  having  four  holes  to 
the  linear  inch,  will  be  a  4-mesh  screen  and  will  have  16  holes  to  the  square  inch. 
This  approximation  becomes  an  accurate  definition  only  if  the  diameter  of  wire 
is  added,  but  this  addition  has  become  customary  only  in  recent  years. 

The  simplest  way  to  designate  a  screen  size  is  to  give  the  size  of  the  opening 
in  millimeters.  To  this  should  be  added  (i)  the  percentage  of  area  of  holes  in  a 
given  surface  to  show  the  freedom  of  discharge  and  strength  of  screen,  and  (2) 
the  thickness  of  wire  or  metal.  ^ 

Table  170  of  the  W.  S.  Tyler  Co.,  Cleveland,  0.,  for  mining  wire-cloth  gives 
the  customary  number  of  meshes  per  linear  inch  and  adds  the  sizes  of  iron  and 

*  Richards,  R.  H.,  "Ore  Dressing,"  McGraw-Hill  Book  Co.,  New  York,  4  volumes,  1903- 
1909. 

Richards,  R.  II.,  "A  Text-book  of  Ore-dressing,"  McGraw-Hill  Book  Co.,  New  York,  1909. 
Louis, H.,  **The  Dressing  of  Minerals"  Longmans,  Green  &  Co.,  London,  1909. 
Naskc,  C,  "Zerklcinerungsvorrichtungen  und  Mahlanlagcn,"  Spamer,  Leipsic,  191 1. 
'  See  Definitions  of  Institute  of  Mining  and  Metallurgy,  Tr,  /.   Af .  Af .,  X909-1910,  XDC, 
486  (Hoover),  1911-12,  xxi,  738;  and  Standard  Screens  (Richards),  Met,  Ckem.  Eng.,  1913, 
XI,  168;  Min.  and  Sc,  Press,  19 13,  cvi,  312. 
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steel  wire  in  the  gauge  of  Washburn  and  Moen,  and  of  copper  and  brass  wire  in 
the  old  English  gauge.  It  thus  defines  and  shows  the  actual  sizes  of  holes  in  the 
regular  screen^  made  by  the  firm.  The  openings  of  screens  made  by  other 
manufacturers  will  deviate  slightly  from  the  values  given  if  they  use  a  wire  of 
different  size. 

The  designation  by  '^needles"  for  plate  in  stamp-mill  screens  is  given  in 
§263. 

Table  170. — W.  S.  Tyler  Co.*s  Wire-cloth 


Iron  or  steel 

Brass  or 

copper 

No.  of 

Washburn 

Size  of 

opening 

No.  of 

Old 
English 

Size  of  opening 

meshes  per 

and 
Moen 

meshes  per 
linear 

linear 

inch 

gauge 

Inch 

Millimeter 

1 

inch 

gauge 

Inch 

Millimeter 

2 

8 

0.338 

8.59 

1 

2 

8 

0.33s 

8.SI 

3 

10 

0.198 

503 

3 

10 

0.199 

505 

4 

II 

0.130 

3.30 

4 

II 

0.130 

3.30 

4 

12 

0.145 

3.68 

4 

12 

0.141 

3  59 

5 

13 

0.108 

2.74 

5 

13 

0.105 

2.67 

6 

14 

0.087 

2.21       ' 

6 

14 

0.082 

2.08 

7 

• 

15 

0.071 

1.80 

7 

15 

0.071 

1.80 

8 

16 

0.062 

1.57 

8 

16 

0.060 

1.52 

9 

17 

0.057 

I-.45 

9 

17 

0.053 

1-35 

lO 

18 

0.053 

1-35 

10 

17 

0.042 

1.07 

12 

19 

0.042 

1.07 

10 

18 

0.051 

1.30 

14 

20 

0.036 

0.91 

1 

12 

18 

0.034 

0.86 

16 

22 

0.034 

0.86 

12 

19 

0.043 

1.09 

18 

23 

0.0305 

0.77 

14 

19 

0.031 

0.79 

20 

24 

0.027 

0.69 

14 

20 

0.036 

0.91 

22 

24 

0.022 

0.56       1 

16 

20 

0.0275 

0.70 

22 

25 

0.025 

0.64 

16 

21 

0.031 

0.79 

24 

25 

0.021 

0.53       ' 

18 

22 

0.026 

0.66 

24 

26 

0.023 

0.58 

20 

23 

0.023 

0.58 

26 

26 

0.0205' 

0.52 

22 

24 

0 .  0204 

0.52 

26 

27 

0.0215 

0.55 

24 

•     25 

0.0186 

0.47 

28 

27 

0.0187 

0.47 

26 

26 

0.0179 

0.45 

30 

28 

0.0173 

0.44 

28 

27 

0.016Q 

0.43 

35 

30 

0.0145 

0.37 

30 

27 

0.0185 

0.37 

40 

31 

0.0115 

0.  29 

:         35 

28 

0.0120 

0.30 

45 

2,S 

0.0112 

0.28 

35 

29 

0.0131 

0.33 

50 

34 

O.OIOO 

0.25 

40 

1 

30 

0.0112 

0.28 

55 

35 

0.0086 

0.  22 

45 

31 

O.OIOO 

0.25 

60 

35 

0.0072 

0.18       i 

50 

32 

0.0083 

0.  21 

70 

37 

0.0058 

0.15 

60 

35 

0.0077 

0.20 

80 

40 

0.0053 

0. 14 

70 

37 

0.0078 

0.20 

90 

42 

0.0044 

0.  II 

80 

38 

0.0068 

0.17 

90 

30 

0.0061 

0.15 

5S6 
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259.  Coane-«nishiiig  Breakers. — This  work  is  usually  accomplished  hj 
machines  which  crush  by  the  pressure  of  approaching  jaws.  The  la^ 
size  lump  fed  to  them  is  about  24  in.  in  diam.,  the  usual  sizft  not  over  9  in 
The  intermittent  jaw-breakers  of  Blake  and  Dodge,  and  the  continuous  sprndh 
or  gyrating  breaker  of  Gates  are  the  leading  types. 

The  Blake  eccentric  breaker  is  represented  by  Figs.  3  26  and  327  in  i-eni- 
cal  longitudinal  section  and  plan.  A  heavy  cast-iron  or  cast-steel  frame  Frestinj 
on  four  legs  M  with  bolt-holes  carries  swing-jaw  shaft  K  and  eccentric  shaft  C. 
At  the  rear,  a  horizontal  web  forming  part  of  frame  F  supports  wedge-block  W 
by  means  of  adjusting  stud  N  and  toggle  block  O  with  its  adjusting  bolt  to 
regulate  the  width  of  the  throat  or  discharge  end ;  at  the  front,  the  fixed  jaw  fl 


Sectional  Bkvttii 


Figs.  326  and  327. — Blaki 


bedded  with  1/4  in.  of  zincagainstframef  carries  jaw-plate  P,  usually  of  corru- 
gated chilled  cast  iron  and  held  in  place  by  check-plates  /.  The  avnitg  jaw  J, 
pivoted  above  from  jaw  shaft  A',  carries  at  the  front  jaw  pUte  P",  and  at  the  back 
toggle  bearing  A  and  eye  for  spring-rod  S.  Steel  pitman  E,  lifted  by  the  eccen- 
tric on  shaft  C,  straightens  out  toggles  G  which  force  swing  jaw  J  to  approach 
fixed  jaw  H,  and  between  the  two  the  rock  fed  at  the  mouth  is  crushed.  When 
the  pitman  is  lowered,  the  tc^gles  are  unlined,  and  the  swing  jaw  is  made  to 
recede  by  rod  S  and  rubber  spring  R,  which  opens  the  throat  for  the  discharge 
of  crushed  rock.  Details  of  some  of  the  common  sizes  of  this  crusher  are  given 
in  Table  171, 

The  Blake  challenge  rock  breaker,  a  modification  of  the  Eccentric,  is 
shown  in  Fig.  328;  it  is  lighter  and  stronger  than  the  original.  The  heavy  cast- 
iron  frame  F  of  Figs.  326  and  327  has  been  replaced  by  timber  frames  A  and  B, 
*Jie  tensile  strain  is  taken  up  by  wrought-iron  bolts  JV,  and  the  upper  ends  of 
the  jaws  are  held  together  by  the  steel  stia,^  C. 
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The  Dodce  Bseaeek,  Fig.  329. — A  cast-iron  frame,  a,  caniesatoneendlbt 
box  of  fulcrum  pin  4,  at  the  other  that  of  eccentric  shaft  8;  fixed  jaw-plate  3 is 
bolted  to  frame  2,  movable  jaw-plate  3'  to  jaw  i'  which  is  the  short  armof  leid 
I  oscillating  on  fulcrum  pin  4;  the  lost  motion  of  the  latter  is  taken  upbyi 
spring  not  shown.    The  crushing  movement  is  imparted  to  arm  t"  by  eccentric 


A.  Lower  timber  frame. 

B.  Upper      "  " 

C.  Clam  pa. 

D.  Fly-wheels. 
£.'.  Pulley. 

F.  Fixed  jaw  block. 
O.  Pitman  toggle  block. 


H.  Pitman  half-box. 

I.  Cheeks. 

J.  Swing  jaw. 
K.  Jaw  shaft. 
L.  Spring. 


O.  Toggle*. 

P.  Jawplatea 

R  Pitman  rod  nnta 

8.  Main  eccentric  Am. 

r.      "     toggleblock. 

V.  Fixed  jaw  back. 

V.  Spring  rod. 


Fic.  3«S. — Blake  challenge  rock  breaker. 


jiQ. — 1,  lever  with  short  arm  i',  and  long: 
ible  jaw-plate;  4,  fulcrum  pin;  6,  set-sere 
;  shafi;  9.  flynhci-l;  10,  pulley;  u,  throal 


rra  I ";  1,  cast-iron  frame;  3,  fixed  jaw-plate 
r;  7,  connecting  rod;  7',  projecting  pin;  t, 
,  13,  hopper;  15,  spring. 


8,  through  connecting -rod  7  and  pin  7'  which  in  their  turn  are  joined  to  the  ann 
by  connections  an<I  springs  15.  The  width  of  the  throat  is  adjusted  by  plates 
(not  shown)  held  by  set-screw  and  lock-nut  6.  The  power,  applied  by  pulley  10, 
is  consumed  for  little  less  than  half  a  revolution  and  absorbed  in  fly-whed  for 
the  remainder. 
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Table 

172. — Sizes 

OF  Dodge  Crusher' 

Capacity,  tons 

Pulley- 

Rev. 

H.P. 
required 

ToUl 

Mouth 

No. 

rock  in  34  hr. 

size. 

per 

weighty 

size, 

to  nut  size 

inches 

minute 

pounds 

inches 

I 

i-i 

20X4 

275 

2-4 

1,200 

4X6 

2 

1-3 

24X5 

235 

4-8 

4,300 

7X9 

3 

2-5 

30X6 

220 

8-12 

5,600 

8X12 

4 

5-8 

36X8 

200 

12-18 

12,000 

10X16 

Comparing  the  Blake  and  Dodge  types,  it  will  be  seen  that  with  the  former 
the  swinging  jaw  is  pivoted  above  and  has  the  greatest  motion  on  the  smallest 
lump,  while  with  the  latter  the  jaw  is  pivoted  below  and  has  the  greatest  motion 
on  the  largest  lump.  Hence  it  is  commonly  held  that  the  Blake  type  has  the 
largest  capacity,  and  the  Dodge  the  evener  product,  but  it  is  also  known  that 
the  Dodge  breaker  makes  more  fines  than  the  Blake,  and  that  it  shows  a  ten- 
dency to  become  choked. 

The  Gates  Crusher,  Style  K,  Fig.  330. — ^The  crushing  mechanism  con- 
sists of  a  vertical  spindle  25,  of  wrought  iron  or  forged  steel  with  chilled-iron 
crushing  head  18,  usually  corrugated,  gyrating  in  a  top  shell 3,  lined  with  smooth 
diilled-iron  dies  or  concaves  19.  The  ore,  fed  through  hopper  7,  is  crushed 
between  plates  18  and  19  as  the  head  18  approaches  or  recedes  from  concaves 
19,  and  discharged  over  wearing  plate  22  and  chute  32.  The  spindle  25,  a  lever 
having  its  fulcrum  in  spider  6,  has  a  bushing  45  fastened  to  it  by  a  jib-key  and 
is  suspended  by  this  from  a  second  bushing  44  fastened  to  the  spider;  the  spindle 
can  be  raised  and  lowered  as  much  as  7  in.  by  removing  the  dust  cap  17,  loosen- 
ing a  split-nut  (not  shown)  on  the  shaft  and  screwing  it  up  or  down.  The 
lower  end  of  the  spindle  is  joumaled  in  the  eccentric  hub  8  of  bevel  gear  9,  which 
is  driven  by  the  bevel  pinion  11  on  shaft  31  through  break-pin  hub  13  and 
break-pin  14,  and  the  shaft  rotated  by  pulley  12.  Oil  bonnet  15,  with  oil- 
hole  and  dust-ring  16,  make  dust- tight  joints. 

Table  173. — Common  Sizes  of  Gates  Crusher,  Style  K 


Size  of 

each  of 

No. 

the  two 
receiving 

openings, 

inches 

_             __        

Capacity,  tons  rock  per  hour  to 
size  of  ring  in  inches 


li     li 


4 

8XJ0 

5 

10X38 

6 

12X44 

7* 

14X52 

8 

18X68 

9 

21X76 

IS 


20 
30 


25 

40 
50 


2k 

3 

30 

40 

SO 

60  1 

70 

80 

80 

90 

3l 


Pulley   I  Rev.  ■    Horse- 
size,     {   per        power 
inches   '  min.     required 


ToUl 
weight, 
pounds 


70 

00 
100 
ijo 


120 
ISO 
250 


300 


32X12 

36X14 
40  X  16 

44X18 
48X20 

56X20 


400 

375 
350 
350 
350 
300 


14-21 
22-30 
28  45 
50-75 
70-110 
100-150 


20.900 
31.200 
45.500 
64.800 
100.000 
153.000 


*  Fraser  and  Chalmers,  Catalogue  No.  4. 
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Gates  crushers'  are  used  generally  in  large  sizes  and  for  a  large  pioductn  I 
a  whole  car  of  ore  being  dumped  into  the  hopper;  for  small  capacities  they  in 
expensive.    The  large  pieces  of  rock  are  received  where  the  motion  is  smills 


Fig.  J  JO. —I,  Bottom  plate;  i,  bottom  shell;  3,  top  shell;  4,  bearing  cap;  5,  oil  cellar  ap;  6, 
spider;  7,  hopper;  8,  eccentric;  9,  bevel  wheel;  10,  wearing  ring;  11,  bevel  pinion;  ii,  pullty; 
ij,  break-pin  hub;  14,  break-pin;  15,  oil  bonnet;  16,  dust  ring;  17,  dust  cap;  iS,  bead;  ig, 
concaves;  zi,  chilled  wearing  plates;  25,  spindle;  26,  upper  ring  nut;  37,  lower  ring  nat;}i, 
counter  shatt;  32,  chute;  33,  oiling  chain;  36,  base  of  box;  37,  cap  of  box;  38,  oil  cup;  jd, 
collar;  40,  housing;  43,  bottom  plate;  44,  bushing  attached  to  spider  hub;  45,  bushing  keyed  U> 
spindle  25  and  resting  on  44;  46,  gib-key  for  45;  47,  screw  to  tighten  split-nut;  49,  plugpd 
oil-hole;  50,  ring  support  for  liners;  51,  steel  collar  over  oil  bonnet  to  deflect  dust;  5a,  rib  iu 
crusher  head. 

and  the  leverage  greatest,  hence  the  power  required  is  relatively  small.  While 
the  movement  at  the  throat  is  greatest,  the  total  amount  is  so  small  that  tkc 
product  is  pretty  uniform  in  size. 

260.  Medttmi-size  Crushing. — Dry-crdshing  Fmi*. — Raw  n 

'  Wollenberg,  Comparison  of  Jaw  and  C- 
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luu  been  crushed  in  one  or  more  crushers  and  has  to  be  reduced  to  medium 
■ue,5ayi  1/2- to  2-in.  cubes,  is  usually  passed  through  dry-crushing  rolls,  as 
for  example,  in  sampling  ores  or  in  preparing  them  for  roasting,  leaching  by 
percolation,  etc' 

la  rolls,  the  two  iron  cylinders  A,  Fig.  331,  with  parallel  axes  B  in  one  hori- 
wnta!  plane  revolve  in  opposite  directions,  act  radially  upon  a  piece  of  ore  C, 
ud,  drawing  it  in  toward  the  narrowest  space,  break  it  by  compression.     Rolls 


(^ 


Fio.  331, — Principle  of  ciushing-rolU.       Fic. 


and  sbell  of  lolL 


make  a  small  percentage  of  fines,  as  any  particle  smaller  than  the  distance  at 
which  the  rolls  are  set  can  drop  between  them  without  being  crushed.  This 
makes  them  valuable  for  most  metallurgical  work. 

A  roll.  Fig.  331a,  consists  of  a  shaft  of  mild  steel  upon  which  is  permanently 
mounted  a  core  of  soft  cast-iron ;  the  latter  is  enclosed  by  an  exchangeable  shell 
of  hard  iron  (deeply  chilled  cast-iron  or  rolled  carbon-steel)  which  forms  the 
angling  surface.    The  two  shafts.  Fig.  332,  of  a  pair  of  rolls  are  held  in  position 


Fio.  331.— Belt-dri 


by  their  journals  and  these  are  set  in  a  heavy  cast-iron  frame.  In  the  common 
rolls,  one  has  a  fixed  box,  Fig.  332,  forming  part  of  the  frame,  and  the  other  a 
movable  one;  the  latter  is  held  up  against  the  former  by  rubber  or  by  steel 
springs;  the  distance  between  the  two  is  regulated  by  shimes  inserted  between 
the  boxes.    In  rigid  rolls.  Fig.  333,  the  boxes  are  held  firmly  in  place,  and  the 

■  Ball-,  HuntingtOD-,  Chilean-Dulls,  etc.,  nhich  crush  as  coarse  b3  30-mesh  might  do  the  work 
of  loUa;  naiuily,  however,  they  are  employed  for  crushing  finer  than  30-niesh  and  are  therefore 
tieated  under  fine-crushing. 
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shafts  are  protected  against  breaking  by  shearing  bolts.  Rigid  rolls  are  ample  1 
in  construction ;  as  their  action  is  positive,  they  make  little  oversize  and  ihus  | 
save  much  of  the  necessary  rc-lreating  of  ore  so  usual  with  common  rolls. 


Fic.  334. — Toothed  rolls. 

The  shafts  of  rolls  are  driven,  either  by  gears  and  pulleys  in  "geared  rolls," 
T^'S-  334i  suited  mainly  for  slow-speed  coarse -crushing  with  less  than  50  r.p-in-i 
or  by  belts  alone  in  "belled  rolls,"  Fig.  332,  suited  mainly  for  high-^>eed  finfr 
crushing  with  over  50  r.p.m.     In  dry-crushing  geared  rolls  ar«  little  used  •' 
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present  Mcepting  in  fluted  and  toothed  (Fig.  334)  rolls  common  for  crushing 
coal'  and  clay. 

The  n-idth  and  diameter  of  rolls  stand  in  certain  relalions  to  one  another.  In 
general,  a  wide  roll,  characteristic  of  the  so-called  Cornish  rolls,  has  good 
capacity,  but  also  causes  a  great  stress  on  the  frame;  hence  such  rolls  have 
a  small  diameter  and  are  run  slowly.  They  are  better  suited  for  producing 
coarse  than  fine  material.  They  are  difficult  to  keep  true.  Rolls  with  a 
large  diameter  and  small  ^\-idth,  if  run  at  a  high  speed,  also  offer  a  large  crush- 
ing surface.    As  their  stress  on  the  frame,  with  the  corresponding  loss  of  po«er 


1.5   i.e   1.?    1.8   i.B  1.0 

F'c-  33S-— Feed,  speed  and  capadiy  of  rolls  in  dry-truihing. 

in  friction,  is  small,  they  can  be  and  are  run  at  a  high  speed.  Further,  the  larger 
the  diameter  the  smaller  the  angle  of  nip,  Fig.  335  (the  angle,  formed  by  tan- 
gents to  rolls  drawn  on  points  of  contact  of  piece  with  rolls),  or  the  belter  the 
bite  of  the  rolls  and  the  less  the  dancing  of  ore  on  the  roll  surface.  A  large- 
diameter  roll  can  bite  a  larger  piece  of  rock  (work  coarser  materia!)  than  one 
of  small  diameter;  it  also  makes  a  greater  reduction  in  size  with  one  passage, 
hence  this  class  of  rolls  is  used  for  finishing  rather  than  for  roughing. 

Argall'  states  that  the  field  of  work  for  dry  rolls  begins  with  sizes  of  i  i/a- 
and  2-in.  cube,  and  ends  with  30-  to  40-mesh  pulp;  also,  that  for  a  single  reduc- 
tion the  ratio  ought  not  to  exceed  4  :  1,  e.g.,  J-in.  :  1/2-in.,  1/2-in.  :  i/8-in.  Fig. 
33S  represents  his  speed-curves  for  different  diameter  rolls  in  relation  to  the 

'Sterling,  Tr.  .4./.  if.  £.,1911. XLD,  284. 
*  Trani.  Inst.  Mm.  and  JUd.,  1953,  K,  JJ4. 
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size  of  ore  fed  for  maximum  capacity,  the  cun/'es  being  terminated  at  the  right 
by  the  nip-cun.'e.  The  data  for  the  curves  were  calculated  from  empiiiol 
formulae  based  upon  observed  facts  and  upon  the  assumed  reduction  ratio  of -4 :  i. 
To  show  the  application  of  the  curves:  The  speed-curve  for  a  42-111,  rollii 
intersected  by  the  curve  of  nip  on  the  a-in.  cube  line  at  the  point  ot  18  r-p-m.; 


l''[G.  336. — I'trtcnlagc  of  rcduclion  and  corresponding  percentage  of  finished  product. 

hence  in  order  to  crush  2-in.  cubes  (to  1/2-in.  cubes)  a  42-in,  roll  must  make 
j8  r.p.m.  In  the  same  way  with  D=2b  in.,  the  maximum  feed-size  is  1.1$  in. 
and  the  necessary  s\>cc(l  55  r.p.m.,  while  for  0.50-in.  cubes  it  is  73  r-p-m.,  for 
0.25-in.  cubes  88,  etc. 
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■  The  capacity  of  rolls  may  be  said  to  be  the  number  of  cu.  ft.  per  hr.  (say  of 

■  putty)  that  can  be  rolled  out  to  a  ribbon;  its  length  would  be  the  peripheral 
1            travel  of  the  roll  fier  hr.;  its  width  that  of  the  roll,  its  thickness  the  distance 
r            between  the  rolls.     The  capacity,  C=^^  ^g-^^,  in  which  P  =  periphcral 

speed  in  inches  per  min.,  B'  =  width  of  roll  face  in  inches,  5  =space  between  rolls 
in  inches.    The  ribbon  of  crushed  ore,  of  course,  is  not  homogeneous,  as  there 
are  unfilled  spaces  in  it  which  vary  with  the  character  of  the  ore.    There  is, 
however,  a  close  relation  between  the  percentage  of  reduction  (r  cu.  in.  reduced 
103/4  in.  =  25  per  cent.,  to  1/2  in.  =50  per  cent.,  to  1/4  in.  =  75  percent.)  and 
the  amount  of  Imished  product  for  any  given  ore.     This  is  shown  in  Argall's 
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reduction  30  per  cent,  of  the  theoretical  capacity  as  finished  product,  or  589 
cu.  ft.  X 0.3  =  176  cu.  ft. 

The  third  diagram,  Fig.  337,  computed  from  Figs.  335  and  336,  gives  the 
capacity  in  cu.  ft.  per  hr.  of  various  sized  rolls  nmning  at  speeds  most  suitable 
for  the  size  of  the  feed  they  are  assumed  to  receive.  Rolls,  of  course,  require 
regular,  that  is,  mechanical,  feeding  if  they  are  to  do  a  large  amount  of  work. 

An  example  of  common  belt-driven  rolls  is  given  in  Fig.  332  representing 
style  C  of  the  Allis-Chalmers  Co.  The  perspective  view  shows  the  timber  base, 
the  cast-iron  main  frame,  the  rolls  with  cast-iron  core  and  steel  shell,  the  mov- 
able frame  of  one  roll  held  against  the  fixed  frameof  the  other  by  springs,  the 
pulleys  of  equal  diameter,  and  the  feed-hopper;  the  mechanical  feeder  and 
housing  are  omitted. 

Table  174. — Soice  Common  Belt-driven  Rolls 


Roll, 

Driving-pulley, 

Rev. 

Total 

diameter  X  face, 

diameter  X  face, 

per 

weight, 

Horse-poicf 

inches 

inches 

minute 

pounds 

9X  9 

20  X  6J 

175 

ii3oo 

12X12 

36X  8i 

150 

3,000 

24X14 

48XioJ 

100 

9,200 

30X16 

48X10J 

100 

10,000 

36X18 

6oXi2i 

75 

19,300 

- 

2.  Rigid  Rolls. — Fig.  333  represents,  with  the  feed-hopper  omitted,  a  longi- 
tudinal section  through  the  shaft  of  a  pair  of  rigid  rolls  made  by  the  Denver 
Engineering  Co.  The  cast-iron  frame  has  the  form  of  a  box-girder;  the  bearings 
of  the  soft-steel  shaft  are  made  dust-proof  by  adjustable  thrust-collars  and 
hemp  packing;  the  rolls  are  made  up  of  three  parts,  the  fixed  center  forced  by 
means  of  an  hydraulic  press  on  to  the  shaft,  the  removable  center  drawn  to  the 
fixed  by  bolts,  and  the  shell — the  center  and  inner  side  of  the  shell  having  cone 
surfaces.  The  distance  between  rolls  is  made  fixed.  In  order  to  provide  for 
accidents,  the  end  of  the  driving-shaft  has  keyed  to  it  a  driving  flange;  through 
it  and  into  the  driving  pulley  passes  a  safety  shearing-pin  which  otherwise  would 


Table  175. — Denver  Engineering  Works  Rigid  Rolls 


Roll, 

diamettT  X  face, 

inches 


Driving-pulley, 

diameter  X  face, 

inches 


20X12 

27X14 
36X16 


40X  7 
54X  9 
72X11 
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run  loose  upon  the  shaft.     In  case  a  piece  of  iron  comes  between  the 
shearing-pin  breaks  and  releases  the  pulley. 

3.  pLAONC  OF  Smooth  Rolls. — In  order  to  crush  to  uniform  size  with  smooth 
rolk,  it  is  usually  necessary  to  have  two  pairs  in  series.  In  some  instances  a 
screen  is  placed  between  the  two  to  remove  the  finished  product,  in  others  the 
first  pair  delivers  straight  into  the  hopper  of  the  second. 

4,  CoRRCGATED  AND  TooTHZD  RoLLs. — Thcse  folls  are  slow-moving  and 
gear-driven.  They  ser\'e  for  crushing  soft  material  such  as  coal  and  shale. 
Corrugated  rolls  were  first  used  by  Coxe'  for  breaking  anthracite.  They  have 
not  come  into  general  use  with  coal,  as  the  continuous  edge  of  a  corrugation 
breaking  along  its  entire  length  makes  much  fine  coal.  In  clay-work  this  is  no 
disadvantage. 

Fig.  334  shows  a  pair  of  21  1/2  by  21-in.  toothed  rolls*  with  housing  removed. 
These  make  less  fines  than  corrugated  rolls,  as  the  tooth  striking  a  piece  of  coal 
splits  it  into  several  pieces,  the  cracks  radiating  from  the  point  of  attack.  The 
teeth  are  usually  inserted  individually  so  that  they  can  be  exchanged  easily. 
When  teeth  are  cast  on  segments  that  are  bolted  to  a  roll,  the  whole  segment  has 
to  be  replaced  in  case  of  accident.  The  teeth,  set  so  as  to  form  a  spiral,  were  for- 
merly of  cast-iron ;  at  present  they  are  of  ferromanganese.  Coarse  rolls,  so-called 
cracking  rolls,  range  from  34-in.  diam.  by  48-in.  face  to  42-in.  diam.  by  sa-in, 
face.  One  roll  is  usually  driven  faster  than  the  other  {125  and  95  r.p.m.),  the 
slower  one  acting  as  feeder  to  the  faster.  The  height  of  the  teeth  ranges  from  3  to 
I  in.  Coarse  rolls  reduce  lump  coal,  1  a  to  16  in.,  down  to  1  1/2  to  3  in.  With 
fine  rolls,  the  height  of  a  tooth  is  rarely  greater  than  3/8  in. ;  they  crush  the  de- 
livery of  the  coarse  rolls  down  to  finer  sizes.  Table  176,  of  Allis-Chalmcrs  Co. 
gives  some  of  the  leading  facts  in  regard  to  toothed  rolls. 


4 

^ 


Table  176. — Au-iS'Cbalkeiis  Toothed  Rolls 


Roll 

Dinmelw,  inches 

IS 

»4 

»7 

36 

40 

4» 

Face,  inches 

.0 

tS 

36 

36 

" 

SO 

Cap»dly,  tons  per  hour. , 

jo-so 

SO-90 

.0.^,00 

i7S-ais 

TStr 

S-.0 

IS-K> 

ao-as 

30-35 

40-4S 

50 

I 


361.  Fine-crushing  in  GeneraL — Fine-crushing  machinery  finds  its  main 
metallurgical  application  in  the  amalgamation  and  lixiviation  of  gold  and  silver 
ores:  here  and  there  it  is  employed  for  comminuting  other  ores  or  metallurgical 
products.  The  leading  apparatus  are  the  stamp-,  roller-  and  ball-mills,  the 
arrastra  and  the  pan,  and  the  tube-mill.     Next  in  importance  are  the  machines 


i 

■  *5lci 


Tr.  A.  I.  M.  E.,  iSgo-gi.XDt 
Sterling,  Tr.  .4./.  M.  £.,1511 


XLII,  1S4. 
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for  crushing  coal  and  clay,  such  as  disintegrators,  hammer-crushers,  etc  Only 
the  leading  mechanical  features  are  treated  here,  with  some  working  results  to 
indicate  the  capacities. 

262.  Stamps  in  GeneraL — ^The  crushing  effect  of  a  stamp  is  that  of  a  blow 
struck  upon  rock  resting  in  a  mortar.  For  eflFective  work  it  is  necessary  to  sup- 
ply the  mortar  at  regular  intervals  with  rock  of  a  suitable  size,  and  to  free  it 
at  a  uniform  rate  from  the  fine-crushed  material.  The  rock  is  introduced  at 
the  back  by  mechanical  feeders;  the  fine  material  is  discharged  through  a  screen 
which  closes  the  front,  either  as  a  wet  pulp  or  a  dry  pulp  depending  upon  whether 
water  is  fed  into  the  mortar  (wet-stamping)  or  not  (dry-stamping).  A  better 
basis  for  classification  of  stamps  is  the  manner  of  applying  the  power  to  strike 
the  blow.  Thus  in  fine- crushing  there  are  three  classes  of  stamps,  gra\ity- 
stamps,  steam-stamps,  and  pneumatic-  or  spring-stamps.  In  metallurgical 
work,  the  first  are  almost  universal,  the  second  are  found  here  and  there,  and 
the  third  not  at  all. 

263,  Gravity  Stamps. — Fig.  338,  with  legend  denoting  parts,  represents  a 
California^  wet-stamp  mill.  A  stamp,  made  up  of  stem  O,  tappet  P,  boss  A' 
and  shoe  Af ,  is  lifted  by  cam  U,  revolved  by  cam-shaft  R,  and  allowed  to  fall  by 
its  own  weight.  Coming  down  with  accelerated  motion  between  guide-timbers 
H  and  /,  it  strikes  the  blow,  when  it  has  reached  its  greatest  velocity,  upon  the 
ore  lying  on  die  L  which  has  been  introduced  by  feeder  Z;  the  die  protects  mor- 
tar /  which  rests  upon  mortar-block  A.  The  crushed  ore  is  discharged  through 
screen  K  on  to  the  apron  plate  in  front  of  it.  A  mortar  holds  almost  always 
five  stamps;  the  mortar  with  everything  belonging  to  it  is  called  a  stamp-bat- 
tery; two  batteries  are  usually  coupled  together  as  in  Fig.  338.  The  following 
discussion  with  its  many  details  refers  principally  to  the  California  stamp-miU 
as  used  in  milling  gold  and  silver  ores. 

I.  Foundation  and  Mortar  Block. — A  good  foundation  and  mortar  block 
are  indispensable,  as,  if  not  built  in  the  right  way,  the  battery  will  shake 
itself  to  pieces.     For  the  foundation  a  trench  is  dug  6  to  14  ft.  deep,  varying 
with  the  nature  of  the  ground  and  the  proposed  height  of  the  discharge  of  the 
mortar,  and  of  sufficient  length  and  width  to  leave  an  open  space  24  in.  wide 
around  the  block.    The  trench  has  been  walled  in  in  some  cases.*    The  rough 
bottom  of  the  trench  is  leveled  by  tamping  down  some  sand  or  clay,  and  by 
placing  on  top  two  layers  of  2-in.  planking  spiked  together  crosswise.     A  concrete 
layer,  24  to  30  in.  thick,  in  some  instances  has  taken  the  place  of  the  tamping 
and  planks. 

The  mortar  block,  which  usually  supports  a  single  mortar,  used  to  be  almost 
always  of  wood.  Planks  2  to  3  in.  thick  (thicker  ones  that  are  sound  are  difficult 
to  obtain),  11  to  14  ft.  long  and  varying  in  width  are  spiked  together,  fastened 
near  the  top  by  binders  {F,G,  Fig.  338)  made  of  8X1 2-in  timbers  bolted  to  one 
another  by  transverse  rods.     The  block  is  of  the  same  length  as  the  mortars,  but 

*  Origin:  Stanford,  Xfin.  and  Sc.  Press^  1S93,  Lxvii,  262;  Martin,  Min,  Eng.  World,  1912, 

XXXVII,  ^V32- 

'Abadie,  Tr,  A,  L  Af.  £.,  1894, xxrv,  20&, 
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in.  wider  in  order  to  extend  i  i/z  In.  beyond  its  flange.  The  life  of  a  mortar- 
ock  is  8  to  lo  years.  The  space  around  the  block  is  tamped  w,ith  tailings, 
irth  or  clay  to  the  mud-sills  {B,  Fig.  338).  The  ends  of  the  planks  forming  the 
ode  are  sawed  off,  and  the  top  is  planed  level  and  smooth.  It  receives  a  nib- 
,T  ctoth,  1/4  to  3/8  in.  thick,  to  give  an  even  bearing  and  to  reduce  the  jar  of 


p.  C.  Buclutavi 
H.  Lower  guide 
/.  Upper  guide 


If.  Mnin  shaft. 

X.   Tighlner. 

"     "'-■-pipei. 


Fic.  3j8. 


ily  stamp  mill  with  ten  stamps. 


mortar.  The  mortar,  when  put  in  place,  is  held  down  by  eight  bolts,  3  to 
L  6  in,  long  and  i  3/8  to  i  1/2  in.  in  diani.,  passing  through  holes  bored 
lugh  the  block.     Ordinary  bolts  are  held  down  by  nuts  in  recesses  cut  into 

block;  eye-bolts  may  be  let  into  the  sides  and  are  held  by  horizontal  z-in. 
t  passing  through  the  eyes.     With  heavy  stamps,  masora^  a-tA  ««w:tt'w. 


5SO  GENERAL  METALLURGY 

foundations'  have  replaced  wooden  mortar  blocks  in  most  modem  miDs;  tbey 
have  not  only  well  stood  the  wear,  but  have  increased  the  crushing  power  irfi 
stamp. 


Fig  339  — Concrete  founda- 
tion (or  gravity  alamp  battery 
with  :670-lb  stamps 

Fig-  339  gives  a  cross-section  through  the  new  gravity  stamp  battery  of  the 
Simmer  Deep  Jupiter  mill  on  the  Rand.'    The  stamps  weigh  i  ,670  lb.;  with  such 

'  Boss,  ilin.  Sc.  Press,  1903,  ixxx^'i,  7). 

lie  Kttlb,  Eng.  Min.  J.,  1906,  Lvcxii  343, 

I-'ctote,  op.  cil.,p.  886. 

I''c»o(e,  ititi.  Sc.  PriiS,  ipofl,  xcii,  240. 

Harbour,  Eng.  Min.  J.,  1908,  Lxxxvi,  470. 

KUe,  op.  cit.,  p.  649. 

Triistcot  I -Fuller,  Tr.  Inst.  Min.  Met.,  1908-09, 
17^  (V.oUMd). 

Silitiiill,  Eng.  Min.  J.,  1910.  Lxxxa,  763. 

("iil'iiicm,  Tr.  Inst.  Min.  Mel.,  1909-10,  xix,  57;  Met.  Ckem.  £«(.,  11 
MIh.  I .,  iijoo,  Lxxxviii,  S9S. 

•■■■wi-ll,  Eng.  \fin.  J.,  igii,  xcii,  629;  Min.  Sc.  Press,  1911,  cm,  16$. 
'lily  Heep  bmay  SouDdal'ioii,  Eng.  Min.,  1913,  xcv,  951. 


»s;  Eng.  Min.  J.,  1909,  uoomi, 
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i^t,  a  concrete  foundation  becomes  an  absolute  necessity,  as  battery  posts 
iber  would  be  short-lived. 

Frames  and  Guides. — The  usual  wooden  frame  consists  of  upright 
{D,  Fig.  338)  12X24  in.,  placed  on  either  end  of  the  mortar  on  cross-sills 
Jng  crosswise  on  mud-sills  B.  The  posts  are  tied  by  the  upper  and  lower 
-timbers  E  and  I,  and  at  the  foot  by  binder  F  which  is  bolted  to  them  and 
-JO  cross-sills  C  In  the  upper  part  of  the  posts  are  recesses  to  receive  boxes 
the  cam-shaft.  The  frames  are  stiffened  and  held  in  position  by  wooden 
s  and  tie-rods.  Their  locations  are  governed  mainly  by  position  of  main- 
B  (Fig.  338),    There  are  two  general  types,'  the  A-frame  and  the  knee- 


Fio.  341. — Front-knee  battery  frame  connected  with  bin, 


;  the  former  is  common  with  a  battery  having  its  main-shaft  on  the  cross- 
e  latter  with  the  main-shaft  on  the  cam  floor.  A  few  of  the  many  forms  are 
in  Fig.  540  (front-A  battery  frame  with  cams  in  front),  Fig.  341  (front- 
battery  frame  connected  with  bin,  cams  in  front),  Fig.  338  (back- 
)r  single-post  battery  frame)  and  Fig.  342  (back-knee  frame  with  brace).' 
)n  frames  are  seldom  used  in  the  United  States  with  gravity  stamps  where 
r  is  abundant;  they  are  more  common  in  parts  of  Australia,*  South 
ica  and  South  Africa,* 

el  Mar,  Anchoring  Battery  Posts,  Min.  World,  1909,  xxxr,  1015. 

leby,  Min.  Sc.  Press,   1895,  lxx,  376. 

nton.  Bull.  No.  6,  State  MineraiogisI,  Cal.,  1895,  p.  S. 

kkaid,  Eng.  Min.  /.,  1895,  lxxi,  265. 

idUid,  T.  A.,  "Stamp-millirg  of  Gold  Ores,"  Scientific  Publishing  Co.,  New  York; 

ip.  144,  IS9- 

'm.  Sc.  Prttt,  1S9S,  Lxxi,  365. 
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Two  sets  of  guides  hold  the  stamps  in  a  vertical  portion  while  riaogi 
falling;  they  are  bolted  to  the  lower  and  upper  guide-timbers,  B  and  /,  Fig.  3 
which  also  serve  to  tie  the  frames.    The  guides  are  placed  about  3  ft.  below  1 


H.  Amalgamating  table. 
K,  Position  of    front   >> 


Fics.  343  and  344.— Plain  wooden  guides. 


ahovi;  tho  c;im-shaft  T;  the  lower  is  thus  situated  between  the  mortar  an 
cain-sh;ift,  the  upper  one  above  the  tappets  P.  Plain  wooden  guides, 
j4.j  iitui  J44,  consist  of  hard-wood  pVa.i\ks,  usuaWj  ^  \ft.  vUct  and.  of  the 
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width  (i2  lo  14  in.)  as  the  guide-Umber,  with  semicircular  grooves.  At  the 
beginning  the  planks,  bolted  to  one  another,  arc  kept  separate  by  shimes  which 
are  planed  down  as  the  wood  of  the  guides  wears  off.  Wooden  guides  in  cast- 
iron  frames.  Figs.  345  and  347,  have  the  advantages  that  the  grain  of  the  wood 
can  be  parallel  to  the  stamp-stem  which  gives  less  friction  than  if  it  is  horizontal 
as  in  the  plain  guide,  that  a  bushing  can  be  adjusted  or  replaced  separately,  and 
that  a  stem  can  be  removed  without  disturbing  the  others.  There  exist  many 
other  forms  which  are  to  facilitate  independent  adjustment  and  to  save  time, 


Figs.  345  to  347.^WDoden  guides  in  cost- 
such  as  the  Acme,  Broughall,  Fargo,  Wellman-Seaver-Morgun,  Krupp,  etc./ 
but  the  plain  wooden  guide  as  well  as  the  one  with  cast-iron  frame  is  in  com- 
mon use. 

3.  Mortars. — These  are  cast-iron  boxes  in  which  the  ore  is  stamped.  The 
ore  is  always  fed  near  the  top  on  one  side;  in  single-issue  mortars  the  pulp  is 
discharged  near  the  bottom  on  the  side  opposite  the  feed;  in  double-issue  mor- 
tars on  both  sides.  The  former  are  common  in  wet-crushing  and  in  the  amal- 
gamation of  gold  ores;  the  latter  in  dry-crushing  of  gold  and  silver  ores  which 


KlC.  J4S. — Horacdtoke  single-i 


I 


L  Th 


have  to  be  roasled  before  amalgamation.  A  single-issue  mortar  will  allow 
liquid  pulp  to  pass  through  the  screen  as  fast  as  it  is  furnished,  but  not  dry  pulp 
which  demands  a  larger  surface.  Double-issue  wet-crushing  mortars  are  used 
in  ore-dressing  when  quick  crushing  without  sliming  is  the  leading  aim.  For 
the  same  purpose  the  so-called  "individual  mortars"  (one  for  each  stamp)  with 
quadruple  discharge  have  come  into  use. 

The  typical  single-issue  mortars  used  in  the  amalgamation  of  gold  ores  are 


ipresented  by  the  Homestake,'  Figs.  348  to  350,  the  Newton,*  Figs.  351  to 
,   and   the   Union   Iron   Works,  Figs.  353  to  360.    The  Gilpin  Counly, 


FlO.  34g. — Homestake  singlt 


Colorado,   mortar.  Fig.   342,  is  a  local  development.     A  double-issue,  dt)- 
crushing  mortar  of  the  Union  Iron  Works  is  shown  in  Figs,  361  to  364.    Mor- 


Fic.  351.— Newton  singli 


tars  are  usually  cast  in  one  piece;  casting  them  in  sections  to  be  bolted  togethi 

(sectional  mortars),  with  pieces  not  weighing  over  300  lb.  to  be  suited  lor  can; 

'  Hofman,  Tr.  A.  I.  M.  E.,  1888-89.  xvu,  517- 

Snyder,  Eng.  and  Min.  J.,  i8«,  Lvra,  stt. 
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og  by  mules,  is  exceptional.  Mortars  are  thickest  on  the  bottom  which  has  to 
tear  the  chief  strain ;  the  ^des  and  ends  are  heavy  near  the  bottom  and  light 
it  the  top.  Sometimes,  Figs.  353  to  360,  the  sides  are  made  less  heavy  than 
■sua]  near  the  bottom  and  lined  with  a  maximum  of  five  chilled  castings  which  are 
o  take  up  the  wear,  viz.,  two  for  sides,  two  for  ends,  one  for  back-lining  of  feed- 
>pemng;  the  linings  last  about  one  year.  This  practice  is  advantageous  with 
nilla  remote  from  foundries.  The  weight  of  a  mortar,  3,000  to  7,000,  av.  5,000 
b.,  varies  with  the  weight  of  the  stamps;  the  ratio  is  about  6:1.    The  width  at 


fr-rfVr"-         (o) 


Fics.  353  to  360. — Union  Iron  Works  single-issue  lined  moriar. 

ottom  and  at  issue,  and  the  height  of  discharge,  that  is,  the  vertical  distance 
t)m  top  of  die  to  lower  edge  of  screen,  govern  to  a  large  extent  the  work  of  the 
lortar.  The  wider  the  mortar,  the  slower  the  stamping;  the  greater  the  depth, 
le  slower  the  stamping,  the  finer  the  pulp,  the  better  the  amalgamation  (in 
■et-cnishing),  and  the  longer  the  life  of  the  screens. 

The  dimensions  vary  with  the  character  of  the  ore;  the  width  at  the  top 
f  the  die  ranges  from  12  to  16  in.;  the  height  of  discharge  from  6  to  10  in.; 
le  feed-opening  at  the  back  is  3  1/2  to  4  i/a  in.  wide;  it  extends  over  the  length 
f  the  mortar  or  covers  only  the  three  middle  stamps.  The  discharge  at  the 
»nt,  nearly  as  long  as  the  mortar,  is  inclined  outwaid  aXiOMt  10°  Viqto.  S!&t  ^^- 
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icndicular  to  assist  in  thedischarge  o£  the  pulp.  The  mortarhas  a  cover,  resting, 
on  lugs  made  of  two  planks,  Figs.  351  to  352,  with  the  necessary  semicircular 
openings  for  the  passage  of  the  stamps,  and  with  the  holes  for  the  feed-water 
lipcs  (V,  Fig.  338}  in  wet-crushing.  In  dry-crushing  the  discharge  openings 
re  enclosed  so  as  to  retard  the  dust.  Figs.  36 1  to  364  show  the  front  on  either 
siclf  to  be  closed  by  three  hinged  doors ;  the  dry  pulp  is  delivered  downward  into 
Covered  troughs  haxing  screw  conveyors. 

t.  Screens. — Discharge-screens  regulate  the  maximum  size  to  which  the: 
ore  is  to  be  crushed.  A  screen,  Figs.  353  to  360,  is  mounted  on  a  wooden 
frame  about  8  in.  wide  and  faced  with  iron  on  one  side;  sometimes  it  is  divided 


Fig. 

ty  vertical  bars  into  two  to  four  panels  to  prevent  bulging  of  the  screen,  or  in  1 
punched  screens  the  whole  surface  is  not  covered  with  perforations,  but  parts  of  J 
the  plate  are  left  blank  (Foote  screen).  The  frame  is  keyed  to  the  planed  face  | 
of  the  discharge  by  wedges  driven  in  the  end-grooves  (Figs.  348  to  350,  351  to  I 
35^1  353  to  360)-  The  upper  part  of  the  discharge  not  covered  by  the  s( 
closed  by  a  suspended  canvas  curtain  or  a  splash-board  (Figs,  348,  350,  353  to  J 
360).  Screens  are  of  punched  metal  (plate-screens)  or  wire-cloth  (cloth-screens). 
The  holes  in  plate  screens  are  round  or  slotted,  and  may  be  clear-punched  (Fig. 


I 


punchud  slot-si 


found  holes  arranged 


365)  or  burred  (Fig.  366) ;  with  the  latter  the  rough  edges  facing  the  stamp  can 
be  closed  when  worn  by  striking  with  a  mallet.  The  holes  in  wire  screens  are 
square.  Round  holes  are  either  at  60  or  90°  to  one  another  (Figs.  367  and 
slots  are  usually  punched  diagonally  (angle-slot),  sometimes  horizontally,  rarely 
vertically.  Angle-slots  are  either  in  line  or  staggered.  Round  holes  are  used 
■e-dressing  for  coarse  (>i  mm.)  and  medium-fine  wet-stamping;  slots  in 
fine  (<o.oi  mm.)  wet-stamping  as  e.g.,  in  wet-stamping  silver  and  gold  mills 
Using  narrow  mortars.  In  dry-stamping  wire  screens  are  used  exclusively, 
the  mortars  are  wide,  and  as  a  wire  screen  offers  a  larger  area  of  open  spaces 
lUid  a  more  even  product  than  a  plate  screen.     Plate  screens  are  made  princi> 


'1  ^  ^H 

aces   ^H 
ind>^^| 
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pally  of  Russia  iron  and  steel  plate,  occasionally  of  burnt  or  unbumt  tin-phb 
which  is  thin  and  admits  of  rapid  discharge;  wire  screens  of  steel  or  brats  win, 
preferably  the  latter.  A  slot  is  usually  1/3  in.  long;  its  width  is  measured  bf 
the  diameter  of  a  sewing  needle  than  can  pass  through  it.  Table  i77givestlK 
numbers  of  the  deedles  and  thfi  corresponding  diameters  of  holes. 

Table  177. — Sizes  or  Needles  fok  Screens' 


Needle 

Thickness 

Diam.  of 

Diun.  of 

Needle 

Thickne» 

DUm.  ol 

Diun.  of 

of  pkte, 

hole, 

hole. 

ofpUie, 

hole. 

-    bto, 

.n. 

mm. 

m. 

in. 

mm. 

O.OI43 

0.0S8 

>.47 

7 

o.oigt 

O.OJ4 

0.61 

□  .(W43 

0.049 

l.JS 

8 

0.0179 

0.011 

o,s6 

o.o»43 

0.043 

1.07 

9 

o.oisM 

0.010 

o.Si 

0.0143 

0-035 

0.89 

10 

0.01419 

o.oiS 

0.46 

0.0219 

0.019 

0.74 

11 

0.01J64 

0.016s 

04" 

6 

O.OIOI 

o.o»7 

0.69 

" 

0.01164 

0.01s 

o.3« 

Needle  Nos.  7  to  1 2  ( =  30-to  60-mesh)  are  common  sizes.  The  wire-doth  siio 
of  Tyler  &  Co.  are  given  in  Table  170.  Screens  last  from  14  to  30  days;  they 
wear  out  first  near  the  bottom  and  are  then  turned  upside 
down. 

5.  AuALGAMATioN  Plates. — luside  and  outside  amalga- 
mated plates  belong  to  gold  amalgamation. 

6.  Dies. — These  are  cylindrical  iron  blocks,  one  to  a  stamp, 
standing  in  the  bottom  of  the  mortar  (F,  Fig.  338)  to  save 
this  from  wear.  The  cylinder  (boss)  of  a  die  is  held  in  place 
either  by  lugs.  Fig.  369,  fitting  into  sockets  in  the  mortar 
(common  in  dry- stamping),  or  by  a  square  base  (foot-plate) 
with  beveled  corners,  common  in  wet-stamping.  The  foot- 
plates or  the  five  dies  cover  the  bottom  of  the  mortar,  the 
beveled  corners  leave  spaces  for  inserting  the  point  of  a  pick 


fi 


Fio.  369,— Die  wiih  foot-plate.     Fig.  370.— Worn  shoe  and  die.  Fios.    371  «i»d 

37*. — Stamp  witi 
Utch-finger. 

to  remove  a  die.     The  boss  of  the  die  is  usually  9  in.  diam.  and  5  in.  high, 
the  foot-plate  loXioXi    1/4  in.     Dies  are  made  of  gray  to  mottled  iron 
1  Catalogue  of  Fraser  and  Chalmers. 
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chilled  above  the  foot-plate,  also  of  Mn-  and  Cr-steel, which  are  coming  more 
and  more  into  prominence;  they  weigh  120  to  160  lb.  for  stamps  weighing  850 
to  950  lb.  Dies  generally  wear  down  more  or  less  unevenly,  Fig.  370,  the 
boss  becoming  slightly  convex  (coning)  and  the  shoe  correspondingly  concave 
(cupping);  they  are  exchanged  when  worn  down  to  within  i  or  i  1/2  in.  of  the 
foot-plate,  the  reduced  weight  being  20  to  50  lb.  The  life  of  a  die,  excluding 
quality  of  material,  depends  upon  the  hardness  of  the  rock,  the  working  of  the 
stamp,  the  height  of  discharge  of  the  mortar,  and  the  fineness  of  the  screen.  The 
life  of  a  cast-iron  die  is  30  to  40  days;  that  of  a  steel  die  2  1/2  to  3  times  as  long; 
the  consumption  of  iron  per  ton  of  rock  stamped  is  probably  <o.5  lb.  with  the 
die,  and  >o.5  lb.  with  the  shoe. 

7.  Stamps. — A  stamp,  Figs.  338,  371  and  372,  consists  of  the  stem  which 
carries  the  tappet  for  lifting,  and  the  boss  (head)  for  connecting  the  shoe,  which 
strikes  the  blow,  and  for  giving  additional  weight.  The  weight  of  a  stamp 
ranges  in  the  United  States  from  800  to  1,200  lb.,  the  different  parts  are  pro- 
portioned about  as  follows:  stem  40  per  cent.,  tappet  15  per  cent.,  boss  25  T 
per  cent.,  shoe  15  ±  per  cent.;  the  greatest  weight  beside  that  of  the  stem  is.in 
the  boss. 

(a)  The  stem  is  a  solid  round  bar  of  wrought  iron  or  mild  steel,  turned  in  a 
lathe  or  cold-rolled,  which  has  a  taper,  4  1/2  to  6  in.  long  and  1/2  to  3/4  in.  per 
ft.,  at  both  ends  to  permit  reversing  in  case  of  breakage.  It  is  12  to  16  ft.  long, 
about  3  in.  diam.,  weighs  300  to  400  lb.,  and  lasts  for  years. 

(A)  The  tappet  is  shown  in  Fig.  373,  which  is  a  section  of  the 
common  form  of  gib-tappet,  a  cylinder  of  cast-iron,  sometimes  of 
open-hearth  steel,  with  central  bore,  to  fit  the  stem  loosely;  it  has    m 
planed  faces.    It  carries  in  a  recess  a  wrought-iron  or  forged-steel 
gib  Bf  flat  at  the  back  and  concave  at  the  front,  which  is  forced     . 
against  the  stem  A  by  means  of  keys  K,  and  thus  attaches  the 
tappet  to  the  stem.    A  tappet  is  about  22  in.  long,  9  in.  diam.  at 
ends  and  6  in.  at  middle,  has  a  wearing  face  2  1/2  to  3  in.,  weighs     Tapped 
130  ±  lb.,  and  lasts  three  to  five  years. 

In  setting  a  tappet,  a  wooden  block  11  in.  higher  than  drop  of  stamp,  is 
put  between  shoe  and  die,  a  prop  is  placed  against  the  stem,  allow  tappet  to 
rest  on  it  and  key  fast.  In  raising  a  tappet,  hang  up  stamp  as  in  Fig.  371, 
put  wooden  block  in  place,  loosen  keys  when  stem  glides  on  to  block,  and 
drive  them  fast  again. 

(c)  The  stamp  head  or  boss  is  shown  in  Figs.  338  and  371.  This  is  a  tough 
cast-iron  cylinder,  often  bound  with  a  wrought-iron  ring  at  ends,  about  18  in. 
long  and  9  in.  in  diam. ;  it  weighs  about  200  lb.  and  lasts  about  five  years.  On  the 
top  it  has  a  bored  socket  to  receive  the  stem,  on  the  bottom  a  rough  recess  for 
the  shank  of  the  shoe;  through  it  pass  two  horizontal  key  ways,  at  right  angles 
to  one  another,  for  driving  out  stem  and  shoe  by  means  of  wedges.  In  fastening 
the  head  to  the  stem,  the  stem  is  lowered  through  guide-holes,  driven  with 
hammer,  and  lifted  and  dropped  several  times  on  timber  placed  beneath  to 
take  up  shock. 
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(J)  The  shoe  is  illustrated  in  Figs.  361  to  364.  It  connsts  of  a  c^odti 
(butt)  9  in.  in  diam.  and  7  to  8  in.  high,  surmounted  by  a  truncated  cone  (shank), 
4  1/3  to  5  In.  long,  and  weighs  140  to  t6olb.  It  is  made  of  cast-iion  chiMto 
within  I  1/3  in.  of  the  shank,  also  of  C-,  Mn-,  or  Ci-steel.  It  wears  moieevnly 
and  slowly  than  the  die,  becoming  slightly  concave,  Fig.  370;  the  die  luU 
longer  as  it  is  protected  by  about  i  i/i  in.  of  ore.  When  a  cast-iron  sboet) 
^^  worn  (30  to  60  days)  down  to  i  to  z  in.  from  the  shank  ud 

IH  weighs  30  to  50  lb.,  it  is  discarded.     Steel  lasts  two  to  time 

JIBIL         times  as  long  as  chilled  iron.     The  height  of  the  shoe  b  oftn 

l|||ll|l        so  chosen  that  shoe  and  die  will  be  worn  out  at  the  same  time 

IlilllllB        I"  fastening  the  shoe  to  the  head,  small  wooden  staves,  % 

374i  t/4  in-  thick  and  1/3  in.  wide,  of  dry  pine  are  placed  around 

Fig-  374—      the  shank  and  held  together  by  a  strip  of  canvas  nailed  to  them 

o(  shoe  ^'^^^  forming  a  collar.    The  shoe  is  put  in  place,  and  the  stamp 

with  head  dropped  until  the  shoe  is  wedged  fast;  in  wet-stan^ 

ing,  the  water  of  the  mortar  swelling  the  wood  tightens  the  grip.    ColUn 

of  wooden  staves  are  kept  on  hand  to  save  time  when  exchanging  shoo. 

(e)  TiiELATCH-FiNGERORPROP,Figs.  37iand373,  servestohangupthestamp 
so  that  the  cam  can  revolve  without  striking  the  tappet.  It  is  of  wood,  j  ft 
long  and  3  in.  square,  is  lined  with  i/8-in.  irononthetopandatthesidefadi^ 
the  stamp,  and  rests  in  a  cast-iron  socket  (latch-socket)  which  swings  on  a  jack- 
shaft  with  bearings  bolted  to  the  battery-posts.  Theheight  of  the  jack-shaft  is 
governed  by  the  length  of  the  prop  and  the  height  of  drop  of  the  stamp.  When 
the  stamp  is  hung  up,  the  distance  between  shoe  and  die  is  about  i  in.  greater 
than  the  height  of  drop.  In  hanging  up  a  stamp,  a  flat  stick,  i  i/z  in.  thick, 
is  placed  on  the  face  of  the  rising  cam;  this  then  raises 
the  tappet  sufTiciently  to  allow  pushing  the  prop  in  place. 
In  disengaging  the  stamp,  the  operation  is  similar. 

(J)  The  cam,'  cam-shaft  and  cau-shaft  pulley  are 
shown  in  Fig.  338.  The  cam  U  serves  to  lift  and  at  the 
same  time  to  rotate  the  stamp;  it  is  keyed  to  the  cam 
-shaft  R,  and  this,  resting  in  cam-shaft  boxes  and  held 
in  place  by  collars  5,  is  driven  by  the  cam-shaft  pulley  V. 

Cams,    Figs.    375    and  376,  now  are  always  double  "—»■ 

armed,  that  is,  two  arms  cast  to  one  hub;  the  curvature  F'cs.  37sand  376.— 
of  the  cam  (cam-cun.'e)  is  the  involute  of  a  circle  (slightly  J^^d  cam  ""^  ^^ 
fattened  at  the  end)  the  radius  of  which  is  equal  to  the  dis- 
tance between  the  centers  of  the  cam-shaft  and  the  stamp-stem.  Figs.  375  and 
376  represent  a  left-hand  cam,  one  that  is  to  the  left  of  the  stamp  when  the 
upper  arm  of  the  cam  is  moving  from  the  observer,  the  hub  would  also  be  on 
the  left;  the  revorse  would  be  a  right-hand  cam.  Cams  are  usually  of  tough 
cast-iron  with  chilled  lifting  surfaces;  the  hub  used  to  be  strengthened  by  a 
wrought-iron  band  shrunk  on  it;  C-  and  Cr-stcel  are  used  in  some  instances; 

■I,am[.  F.»i;.  }[•».  J.,  icoo,  Lwwrn,  (-6. 

Ilutchinsun,  ,1/ih.  Sc.  Frcss,  1911,  cm,  767. 
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sectional  cams  have  been  suggested.  The  width  of  face  of  a  cam  is  2  to  2  1/2 
in.,  the  distance  from  center  of  hub  to  tip  of  cam  15  to  17  in.;  the  hub  is  3  to 
3  1/2  in.  thick,  the  strengthening  rib,  3  1/2  in.  wide  at  face,  grows  to  9  1/2 
in.  at  hub;  the  natural  life  is  three  years.  The  rotation  of  the  cam  causes 
the  stamp,  while  being  lifted,  to  make  about  1/8  revolution;  the,^ect  is  a 
more  even  wear  of  shoe  and  die,  and  lubrication  is  also  made  easy.  A  cam  is 
keyed  to  the  cam-shaft,  usually  with  two  steel  keys  which  are  driven  toward 
the  stem. 

The  cam-shaft.  Fig.  377,  has  two  long  key-seats  for  the  cams  of  a  pair  of 
batteries,  while  the  key-seats  in  the  cams  are  cut  so  as  to  advance  36°  on  the 


Fig.  377. — Camshaft  for  ten  stamps. 

consecutive  cams  for  a  5-,  and  18°  for  a  lo-stamp  battery.  The  old  Blanton  cam. 
Figs.  378  to  .382,  is  an  improvement  on  the  ordinary  form  in  that  it  is  quickly 
loosened  and  exchanged.  A  taper  bushing  is  attached  to  the  shaft  by  means  of 
two  pins  fitting  into  corresponding  holes,  and  becomes  automatically  wedged 
fast  by  the  slipping  of  the  cam  when  this  is  lifting  the  stamp.  A  modification 
is  found  in  the  new  Blanton  cam.  Figs.  383  and  384,  which  has  10  taper  faces 
which  fit  accurately  10  faces  cut  into  the  shaft.     Thus  no  keys  are  required,  and 


Figs.  378  to  J82. — Old  Blanton  cam. 


Figs.  383  and  384. — New 
Blanton  cam. 


the  order  of  drop  is  not  definitely  fixed  as  in  the  old  Blanton,  but  can  be  changed 
to  suit  condition  of  work.    Other  forms  are  those  of  Boss,  Canda,  Krupp,  etc. 

The  cam-shaft  is  of  mild  steel,  4  1/2  to  6  in.,  usually  5  1/2  in.  diam.,  depend- 
ing upon  the  weight  of  the  stamp,  and  about  14  ft.  long.  The  life  ranges  from 
S  to  10  years.  It  has  two  collars,  5,  Fig.  338,  held  by  set-screws  to  keep  it  in 
position  in  the  cam-shaft  boxes  T  let  into  the  posts  D.  The  boxes  are  fre- 
quently open,  but  preferably  covered  with  a  cap. 

The  cam-shaft  pulley,  7,  Figs.  338,  385  and  386,  is  usually  built  up  of  wood 
on  a  hub  of  cast-iron  with  flanges.  The  diameter  is  6  to  7  1/2  ft.,  the  (a.ce  \\t<^ 
S6 
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i6  in.  A  rubber  belt  transmits  the  power  from  the  couoter-shaft  v,  and  is 
kept  taut  by  a  tightener  X.  Transmission  of  power  by  gearing  is  characterUtic 
for  the  slow-dropping  Colorado  stamp,  Fig.  343. 

(f)  Drop. — The  order,  height  and  number  have  to  be  considered.   The 
order  of  drop'  is  of  importance,  as  upon  this  depends  Urgely  the  even  distribu- 


Fig.  385. — Camshaft  with  cams  and  wood  pulley. 

tion  of  the  rock  upon  the  dies.    The  governing  rules  are  that  two  adjacent 
stamps  shall  not  fall  in  succession,  and  that  when  one  stamp  falls  its  neighbor 
shall  rise.    Adjacent  stamps  dropping  consecutively  cause  the  ore  to  accumulate 
at  one  end  of  the  mortar  and  form  a  cushion,  while  at  the  other  end  there  is  a 
lack  of  ore,  and  the  stamp  begins  to  pound;  one 
stamp  dropping  forces  ore  under  the  neighbor  which 
is  rising.     The  following  two  orders  of  drop  aie 
considered  the  best:  one  is  i,  4,  2,  5,3  or  num- 
bered backward  i,  3,  5,  2,  4;  the  other  i,  5,  2, 4, 3 
or  numbered  backward  i,  3,  4,  2,  5;  the  former 
complies  with  both  rules  given  above,  and  is  more 
general    than    the    latter  which    complies    with 
neither;  any  piling  up  of  ore  under  a  stamp  is  cor- 
rected by  giving  this  a  higher  drop.     As  two  5- 
stamp  batteries  are  generally  driven  from  a  angle 
cam-shaft,  the  order  of  drop  in  one  batterj'  will 
start  with  an  end-stamp,  while  in  the  other  with  a 
nii<l<IIc-stamp,  that  the  work  may  be  evenly  distributed;  for  the  same  reason  the 
str.tight  order  of  drop  is  used  in  one  battery  (stamps  VI-X)  and  thereverscd 
order  in  the  other  (stamps  I-V).     Figs,  385  and  386  show  this  arrangement; 
t  lu'y  denote  also  that  one  battery  has  left-hand  and  the  other  right-hand  cams; 
tin-  iiliji'ct  of  this  is  to  balance  the  lateral  thrust  of  the  two  sets  of  cams. 

Tlic  number  of  drops  is  governed  by  the  height  of  the  drop.     A  large  num- 


Fio.  J  a  6. —Camshaft  with 
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Tablx  178. — OxsxK  or  Dkop  in  a  Ten-stakp  Mill 
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Revened  order 

Straight  order 

I          3 
I         II 

'          S 

5 

III 

9 

IV 

3 

4 
V 
7 

VI 

4 
VII 
6 

VIII 

S 
IX 

s 

3 

SeqBoice  of  draps 

4 

ber  of  drops  requires  a  short  drop  and  vice  versa;  the  former  with  80  to  1 10  drops 
pr  min.  and  a  height  of  4  to  9  in.  represents  California  practice;  the  latter  vith 
36  to  32  drops  per  min.  and  a  height  of  16  to  30  in.  that  of  Colorado.  The 
Califomia  method  which  aims  to  put  through  a  large  quantity  of  free-milling  ore 
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Weight  of  SUunp-LUB, 
Fio.  38;. — Horse-power  required  for  a  ten-stamp  mill. 

is  the  one  generally  followed;  the  Colorado  method,  which  aims  to  extract  from 
refractory  ore  as  much  gold  as  possible  in  the  mortar  by  means  of  quicksilver, 
is  almost  local. 

(A)  Power.' — The  power  necessary  forrunning  a  stamp  battery  is  consumed 
by  the  overcoming  of  gravity  and  of  friction.     The  former  can  be  calculated. 

•Del  Mar,  finj.  Win.  /.,  iQio,  lxxxk,  7,  258  (Westwood). 
Warwick,  Min.  World,  1510,  xxxiu,  135. 
Geaenl  Engineetiag  Co.,  Salt  Lake  City,  Hints  and  Mintrali,  1909-10,  xxx,  87. 
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Richards^  gives  from  diflFerent  sources  the  ratio  of  total  h.p.  and  that  required 
to  overcoming  gravity  as  ranging  between  1.099  *^d  1.202.  Fraser  and  Chal- 
mers assume  i,  i  1/4,  i  1/2,  i  3/8,  i  7/8  h.p.  for  stamps  weighing  650, 850,900 
and  950  lb.  Fig.  387,  of  the  Denver  Engineering  Co.,  shows  approximately 
the  total  h.p.  required  for  a  lo-stamp  battery  with  stamps  weighing  500  to 
1,200  lb.  which  have  a  drop  of  6  to  10  in.  and  90  times  per  min. 

(*)  Duty  and  Product. — The  duty  or  crushing  capacity  of  a  stamp  in  24  hr. 
depends  upon  the  efficiency  of  the  stamp,  the  character  of  the  ore,  and  thcdis- 
charging  capacity  of  the  mortar.  In  the  wet-crushing  gold  mills  it  ranges  from 
about  I  ton  with  the  Colorado  to  4  tons  with  the  California  stamp.  In  reant 
years  the  last  figure  has  been  raised  to  6  tons,  since  heavy  stamps  have  become 
more  common  than  they  used  to  be,  and  the  treatment  of  the  large  percentage 
of  slime  resulting  therefrom  has  become  more  efficient.  In  dry-crushing  silver 
mills  the  duty  is  from  0.5  to  1.5  tons. 

Table  179  by  Shaw^  in  his  review  of  modern  cyanide  practice  in  the  U.  S. 
and  Mexico  gives  the  leading  details  of  stamps  of  some  of  the  principal  gold 
mills.  In  Table  180  are  recorded  the  data  of  Caldecott'  showing  the  increase 
of  stamp  duty  with  increase  of  weight  of  stamp. 


Table  179. — Details  of  Stamps  in  Modern  Cyanide  Mills 


Name  of  mill 


Number 

of 
stamps 

Weight 

of 

stamps, 

pounds 

Height 

of 
drop, 
inches 

Drops 
per 

minute 

Duty 

per 

24  hr., 

tons 

Screen 
mesh 

Life 

of 

die. 

days 

Life 

of 

shoe. 

days 

Colorado 

Combination 

Desert 

Don  Estresllas  No.  2 

El  Oro I 

Goldfield  Consolidated .... 
Guanajuato  Consolidated.. 
Guanajuato      Development 

(Pinguico). 
Guanajuato  Reduction. .  .  . 
Homestake 

Loreto 

Montana-Tonopah 

North  Star 

San  Francisco 

Standard 

Veta  Colorado 


60 

20 

100 

120 

100 

100 

100 

80 

40 

160 

I,OQO 

40 
40 
80 
30 
20 
100 


Life 

of 

screen. 

(Uys 


1.050 
1,200 
i.oso 
1,250 
1,000 
1. 150 
I.oso 
1.050 
1.050 

I.oso 
poo 

1.050 
1.050 
1.050 
1.050 

1. 000 

1.050 


6-8 

6 

6 
6.5 
7.5 

6 


7-5 
6.5 

7.5 
10.5 


7 
8 

6.5 

4-6 

7 


100 

3.8 

108 

4S 

104 

4  79 

102 

4.2 

104 

375 

102 

4.QO 

108 

104 

3.6 

104 

6.25 

100 

3.1 

88 

4.0 

106 

30 

100 

3  5 

96 

31 

104 

96-106 

2.3 

36 


12-14 
16,  26 


35 

16 

SO 

a.  4.  8 

26 

No.  8 

slot 

x6 

20 

20 

20 

30 
8-10 


SO 
74 
59 
65 


XI2 
96 
76 
65 


3 
10 

30 
2-5 


30-35 


1   ... 

.     .  .       1                

25 

S7 

132 

55 





*  op.  cit.,  I,  204. 

*  Tr.  A.  I.  M.  /s.,  Bull.  No.  31,  July,  1909,  pp.  591-619;  Min,  Ind.^  IQOQ*  xvm,  741. 

*  Tr,  Inst.  Min. J  Mcl.y  1909-10,  xix,  61. 
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An»n..».              Running 
1    pQundl 

Set  height 

oldrOD. 
incha 

Height  of 
diKharge. 
inches 

Ton>oI 

water  per 
ton  ore 

rtamppcr 
twenty-Cour 

pulp. 

Oil  (0.011  in.) 
ORi  (o.oji  in.) 
I.SI»  (0-016  in.) 
1,511(0.016  in.) 
i.SiKo.oiftio.) 
i.Sii  (0-016  in.) 
i.Sii  W.OlSin.) 
t,Sii  (0.016  in.) 

I.I06 

I.SJI 
t.ll6 

l,6os 

6,  JO 

6.J8 

4  i6 

*  11 

4.96 

6.66       ■ 

"■" 

(y)  Feeding. — Mortars  were  formerly  fed  by  hand,  a  man  suppljing  three 
S'Stamp  batteries  with  ore  during  a  iz-hr.  shift.  Hand-feeding  is  still  practiced 
in  small  mills  in  which,  e.g.,  the  highest  level  is  that  of  the  mortar-floor,  and  the 
ore  arriving  in  teams  is  dumped  and  broken  with  sledges.  Mechanical  (auto- 
matic, self-}  feeders  have  increased  the  crushing  power  of  a  battery  from  15 
to  30  per  cent.,  reduced  the  wear  of 
shoes,  dies  and  screens,  and  saved 
labor.  A  self-feeder  consists  essen- 
tially of  a  hopper  with  movable  bot- 
tom; it  receives  the  ore  crushed  to 
about  I  in.  size,  and  discharges  it  into 
the  feed-opening  of  the  mortar.  Mo- 
tion is  imparted  to  the  bottom  by 
the  tappet  of  a  stamp,  usually  the 
central  one,  striking  the  buffer  of  a 
vertical  (bumper)  rod,  connected  by 
some  means  with  the  bottom,  when 
the  layer  of  ore  on  the  die  becomes  too 
thin.  The  differences  in  feeders  lie  in 
the  form  and  the  motion  of  the  bot- 
tom. A  feeder  should  deliver  the 
ore  regularly,  a  given  number  of  lb. 
per  min.,  when  it  has  once  been  ad- 
justed. The  Hendy,  Tulloch  and 
Hammond  feeders  may  serve  as 
types. 

The  Hendy  Challenge  Ore-feeder  (Fig.  388)  .—Sheet -iron  hopper  », 
ending  in  fixed  scraper  c,  delivers  from  chute,  under  adjustable  gate  6,  ore  upion 
inclined  (12  1/2°)  table  (carrier-plate)  a  having  a  bevel  gear  on  underside  (not 
shown),  and  standing  on  shaft  i/.  The  motion  is  imparted  to  a  from  central 
bumper-rod  r,  through  lever  p,  shaft  0,  lever  n,  connecting  rod  m,  lever  k, 


Fig.  3S8.— Hendy  ChallcDse  ore-leeder 
supported  by  frame. 
a.  Carrier  plate;  b,  adjustable  gate;  e,  sen 
ers;  d,  inclined  shaft  on  step;  e,  pinion;  /, 
shaft;  g,  friction  pawls;  h,  outer  rim;  *',  inner 
rim;  1,  friction  brake;  *.  lever;  /,  spring;  m, 
conneclirg  rod;  0,  shaft;  p,  lever;  r,  bumper-rod; 
1,  hand-screw;  (,  loclt-nul;  t,  hopper. 
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friction  pawls  g  and  shaft  /  to  pinion  e  engaging  with  bevel  gears  under  a. 
Spring  /  returns  lever  k  to  its  place  after  each  stroke,  while  at  the  same  time 
friction  brake  «  prevents  shaft  /  from  turning.  Lever  k  is  attached  to  inner 
rim  A',*  loose  upon  shaft/,  and  drives  by  friction  the  outer  ends  of  pawls  g,  the 

inner  ends  of  which  are 
attached  to  shaft/.  The 
amount  of  movement  is 
limited  by  hand-screw  r 
which  is  damped  by  lock- 
nut  (.  The  ore  on  plate  a 
is  scraped  into  the  mortar 
feed  when  it  has  reached  a 
certain  point  on  the  plate. 
The  feeder  is  supported  by 
a  wooden  frame. 

In  Fig.  389  is  shown  a 
later  form,  the  "Challenge 
Improved  Suspended  Self- 
feeder,"  which  makes  the 
feeding-^de  of  the  mortar  more  accessible.  The  Challenge  feeder  is  the  most 
expensive  form,  but  is  suited  for  all  sorts  of  ore,  even  when  clayey  or  sticky. 

The  Tdlloch  Oke-feedek  is  shown  in  Fig,  390.    The  hopper  resting  on  a 
carriage  is  closed  by  an  inclined  oscillating  chute  suspended  by  three  rods.    When 


Fio.  389. — Hendy  challenge  ore-feeder,  suspended. 


Fic.  390. — Tulloch  ore-feeder. 


Fig.  391. — Hanunond  ore-feeder. 


the  tappet  strikes  the  bumper-rod,  the  chute  is  thrown  backward  through  the 
action  of  the  til  ting-lever,  link,  crank-arm,  rock-shaft  and  arm,  and  causes  the 
ore  at  the  end  of  the  chute  to  drop  off.  This  is  followed  by  a  forward  motion, 
induced  by  the  spring,  which  causes  lugs  of  the  tray  to  strike  a  jar-rod,  and 
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draws  ore  from  the  hopper,  the  amount  being  regulated  by  the  gate  and  an 
adjustable  scraper  in  the  hopper  (not  shown).  The  feeder  is  light  and  cheap, 
but  is  suited  only  for  granular  ore;  it  fails  with  wet,  sticky,  clayey  material. 

The  Hammond  Roller  Self-feeder^  is  shown  in  Fig.  391.  The  bottom 
of  the  hopper  is  closed  by  a  hollow  iron  cylinder,  the  shaft  of  which  is  revolved 
by  friction  pawls  similar  to  those  of  the  Hendy  feeder.  It  is  cheaper  than  the 
TuUoch  feeder,  but  its  use  is  restricted  to  certain  classes  of  ores.  It  has  given 
satisfaction  in  Nova  Scotia  and  Alaska  gold  mills. 

264.  Gravity  Stamps  and  Rolls. — In  a  comparison  of  these  two  leading 
apparatus  for  fine-crushing,  the  machine  as  a  whole  and  the  physical  character 
of  the  pulp  will  furnish  the  leading  considerations.  Stamps  are  simple  in  con- 
struction and  operation,  and  are  suited  for  a  great  variety  of  ores  which  they 
crush  fine  in  a  single  operation;  they  are,  however,  expensive  to  erect,  require 
much  space,  and  are  wasteful  of  power.  The  reverse  is  the  case  with  rolls.  The 
pulp  produced  with  a  stamp  contains  a  large  portion  of  material  that  is  much 
finer  than  the  size  the  screen  calls  for;  this  is  especially  the  case  with  ore  that 
is  strongly  mineralized.  The  pulp  from  rolls  is  more  uniform  in  size  and  con- 
tains a  smaller  proportion  of  impalpable  dust.  This  sliming  or  dusting  of  part 
of  the  ore  is  desirable  in  some  cases,  and  has  to  be  avoided  in  others;  special 
grinding  apparatus  is  used  when  slime  or  dust  is  called  for.  Screen-analyses*  d 
some  products  from  stamping  and  rolling  are  given  in  Table  181  and  182. 


Table  182. — Screen  Analyses  of  Pulp  from  Different  Crushing  Machines' 


Kind  of 
ore 


Kind  of  machine 


Screen-   i   Percentage  which  passes  the  nejrt  coaner 
size,      ^         sieve  and  remains  on  sieves  with 
mesh     I  the  following  mesh-sizes 


Gold  ore  from  ,  Wet  stamps 
South  Africa;    Wet  stamps 


gangue: 
quartz   con- 
glomerate 
with    some 
pyrite. 


Dry  stamps 

Rolls 

Rolls 

Ball  mill 

Niagara  pulverizer.* 


30 
26.46 

20 

20 

22.36 

22.36 


30 


40 


60 


90 


Per  cent.  1  Per  cent.  ,  Per  cent.    Per  cent 


5.60 
II. 15 
20.30 
26.63 

9  30 
20.07 

20. 17 


12.66 

17.58 

64.16 

28.53 

9.21 

51. n 

9.80 

21.80 

49.10 

33-99 

13.06 

26.30 

41.85 

15.38 

33  47 

24  38 

13-88 

41.67 

24  30 

24.30 

31.23 

*  Lamb,  Tr,  A.  I,  M.  £.,  1910,  xli,  672. 

*  Hardman,  Tr,  Min,  Soc.   Nova  Scotia,  1892-93,  Vol.  i.  Part  I,  p.  36;  Eighth  Ann,  Rep., 
State  Mineralogist,  Cal.,  1888,  p.  700. 

*  Johnson,  Proc.  Chem.  Met.  Soc.  S.  Africa,  1897-98,  11,  214. 

*  Similar  to  the  Tustin,  except  that  the  roller  is  weighted  by  a  spring,  CoU.  Guard.,  18951 
ucx,  652;  Engl.  Inst.  Civ.  Eng.,  1892,  cviii,  127. 
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265.  Steam  Stamps,— This  class  of  stamps  which  has  become  of  considerable 
importance  in  ore-dressing  has  seldom  been  applied'  in  gold-  and  silver-mill- 
ing, the  leading  branch  of  metallurgy  in  which  stamps  are  used  at  all.  Small 
Steam  stamps  have  been  designed  for  testing  gold  ores  on  a  working  scale 
in  connection  with  opening  up  a  property.  They  are  easily  transported, 
require  little  foundalion,  and  are  quickly  mounted  and  dismounted.  The 
leading  type  is  the  Tremiiin  Stamp.*  Two  stamps,  each  300  lb.  in  weight, 
which  carry  the  pistons  of  live-steam  cylinders,  ascend  and  descend  alternately 
in  a  single  mortar,  making  100  drops  per  min.,  and  crush  the  ore  with  a  power 
corresponding  to  that  of  an  Soo-  or  i,ooo-lb.  gravity  stamp.  The  capacity  11 
about  that  of  an  ordinary  g-stamp  mill. 

266.  Arrastra. — This  primitive  grinding  apparatus  which  probably  had  its  1 
origin^  with  the  Patio  process,  consists  of  a  circular  pavement  of  hard  rock,  over   , 
which  boulders  (drag-stones)  are  slowly  pulled  around  to  grind  crushed  ore  in 
the  presence  of  water.     The  circular  pavement,*  Fig,  3<)2,  6  to  20  ft,  in  diam., 
is  of  coarse-grained  quartzose  rock  {granite,  poqihyry,  quartzile)    which  is  j 
harder  than  the  ore  and  does  not  become  smooth  in  use.    The  blocks,  about  i»  | 
in.  thick,  are   fitted  closely,  and 
the  joints  filled  with  tailings  or, 
better   still,   cement.      In   either 
case,  the  arrastra  is  run  for  a  few 
days  with  waste  rock,  using  first 
I,  then  2,  3  and  4  drags  to  wear 
even    the    pavement    and   drags, 
and  to  harden  the  filling  of  the 
crevices.     The  pavement  is  laid 
upon  a  layer  of  sand,  2  to  3  in. 
thick,  spread  over  a  foundation  of  clay  (puddle-bottom),  beaten  down  firmly,  1 
or  preferably  concrete,  about  i  ft.  thick.     The  foundation  projects  i  to  2  ft.  i 
beyond  the  grinding  floor  to  guard  against  leakage.     The  pavement  is  sur- 
rounded by  a  wall,  2  to  4  ft.  high,  made  of  flagstones,  laid  in  clay,  or  preferably 
in  cement,  or  of  wooden  staves,  tied  with  iron  hoops  or  rods.     In  the  center  is 

a  stone  or  wooden  block  with  cast-iron  step  for  the  pivot  of  the  rotating  shaft 
journaled  at  the  top.  From  the  shaft  extend  a  to  8,  usually  4,  horizontal 
arms  to  which  are  attached  by  means  of  chains,  ropes  or  strips  of  raw-hide, 
2  to  8,  usually  4  dragstones  weighing  80  to  2,000,  ordinarily  300  lb. 

These  stones,  generally  of  the  same  material  as  the  pavement,  are  more  or 
less  flat  with  the  lower  face  wider  than  the  upper;  two  holes  are  drilled  in  front  of 
'  Rkkard,  T.  A.,  " Slamp-milb'ng,"  Enginefring  and  Mining  Journal,   New  York,  1894, 
5,347. 

Louis,  H.,  "  Cold  Milling."  MaemiUan,  New  York,  i8«,  p.  j8o. 
»Speny,  Tr.  A.  I.  M.  £..  1896,  xxvi,  545. 
LoTaiD,  op.  cii.,  1903,  xxxv,  707. 
Parsons,  Uin.  Sc.  Prea.  1508,  xcvn,  ,186. 
'  Boss,  Tr.  A.  I.  M.  £.,  1903,  xxku,  144- 
' Louis,  It.,  "Gold  Milling,"  Macmillan,  i^oo,  p.  184. 


Fig.  39;. 


S70  GENERAL  METALLURGY 

I 

the  median  line  and  plugged  with  dry  wood  to  receive  eye-rings  for  attaching 
the  chain,  etc.  A  stone  is  suspended  in  such  a  way  that  the  outer  end  is  a  littk 
in  advance  of  the  inner,  and  that  the  front  is  3/4  to  i  in.  higher  than  the  back 
which  just  touches  the  pavement;  the  front  is  higher  in  order  that  at  the  start 
the  stone  may  ride  over  the  coarse  ore.  In  small  arrastras  driven  by  animal 
power,  the  horse  or  mule  is  harnessed  to  a  separate  arm  or  to  one  of  the  drag- 
stone  arms,  made  long  enough  to  reach  beyond  the  retaining  wall,  and  walb 
around  the  circle  about  six  times  a  minute.  A  large  arrastra  is  often  driven  by 
water-power^  when  the  central  shaft  makes  10-14  r.p.m.;  several  large  arrastras 
may  receive  their  power  from  a  single  steam  engine.* 

The  ore  to  be  ground  is  coarse-crushed  to  1/2  or  3/4  in.  A  lo-ft.  arrastra 
receives  a  charge  of  about  i,cxx>  lb.  in  2  or  3  portions.  This,  when  spread  uni- 
formly over  the  floor,  will  form  a  layer  i  or  2  in.  in  thickness;  it  is  dampened  and 
grinding  begun,  the  shaft  making  at  first  2  to  4  r.p.m.  As  the  grinding  pro- 
ceeds, the  revolutions  are  increased;  water  is  added  at  intervals  to  form  with  tbe 
plup  a  uniform  thick  mud.  With  an  excess  of  water  the  ore  is  pushed  forward 
and  not  ground;  with  too  little  it  is  packed  down.  The  time  of  grinding  ranges 
from  6  to  12  hr.  When  ground  to  the  requisite  size,  the  pulp  is  thinned  with 
water  and  discharged  through  openings  in  the  retaining  wall.  Drags  last  about 
30  days,  the  wear  amounting  to  2  to  11  per  cent,  of  the  weight  of  the  ore;  when 
worn  to  one-third  their  original  weight  they  are  replaced  one  at  a  time  in  order 
that  the  grinding  may  proceed  uniformly.  One  man  attends  two  arrastras  in  a 
12-hr.  shift;  animals  work  in  6-hr.  periods.  The  arrastra  is  cheap  to  build  and 
to  run,  but  has  a  very  small  capacity. 

267,  Pans. — ^A  pan  is  a  circular  vat  in  which  wet  pulp  is  ground  fine  between 
cast-iron  plates.  In  amalgamation  processes  it  has  two  additional  functions, 
the  chemical  reduction  of  the  metal-bearing  mineral  and  the  intimate  mixing 
of  it  with  quicksilver.  At  first,  pans  were  used  for  grinding  only;  later  they 
formed  the  standard  apparatus  for  silver  amalgamation;  in  recent  years,  since 
pan  amalgamation  has  lost  much  of  its  former  importance,  pans  have  again 
come  into  more  general  use  for  sliming  tailings  from  gold-amalgamating  stamp- 
mills  previous  to  treatment  with  potassium  cyanide. 

A  large  variety  of  pans  has  been  constructed  since  the  early  fifties.  Tbe 
first  was  probably  that  of  Knox.'  It  was  followed  by  those  of  Wheeler,  Vamey, 
Hepburn,  Horn,  Greeley,  Patton,  McCone,  etc.*  A  conical  bottom  was  favored 
for  grinding,  a  flat  bottom  for  amalgamating;  the  latter  has  replaced  the  former, 
as  experience  has  shown  that  the  power  required  is  not  greater,  that  the  wear  is 
more  even,  and  that  repairs  are  easier. 

The  standard  form  of  amalgamating  pan  is  the  combination  pan  which  com- 

*  Illustrations  in  Richards,  "Ore  Dressing,"  i,  p.  238. 
Chism,  Tr.  A.  I.  M.  £.,  1883,  xi,  61. 

Mathyas,  Thirteenth  Rep.,  Cal.,  State  Min.  Bureau,  1896,  p.  394. 

*  Catalogue  Fraser  and  Chalmers,  "Patio  Process." 

'  Raymond's  Reports,  U.  S.  Treasury  Dept.,  1870,  685. 

*  U.  S.  (Jeol.  Exploration  of  the  Fortieth  Parallel,  Washington,  1870,  vol.  m,  "Mining 
Industry"  p.  217. 
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Fia.  394. — Combination  pan  of  Ftasei  and  C^a^knien. 
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bines  some  of  the  valuable  features  of  the  Wheeler  and  Patton  pans,  and  has 
characteristics  of  its  own.  Figs.  393  and  397  represent  the  type  developed  by 
Fraser  and  Chalmers. 

The  flat  annular  cast-iron  pan-bottom  D,  usually  60  in.  diam.,  has  four  feet 
which  are  bolted  to  two  longitudinal  timbers  common  to  a  row  of  pans;  the 
timbers  are  supported  by  pairs  of  posts  under  each  pan,  which  stand  on  cross 
sills  and  have  cross  bars  carrying  boxes  or  bearings.  A  steam-chest  is  sometimes 
bolted  to  the  bottom  of  a  pan  to  heat  the  pan-charge  with  waste  steam.  The 
pan  discharge  E  is  at  the  side  near  the  bottom;  its  mouth,  3  in.  diam.,  is  dosed 
with  a  wooden  plug.  The  side  F,  formerly  cast  in  one  piece  with  the  bottom, is 
now  built  up  of  wooden  staves,  2  3/4  to  3  in.  thick  and  40  in.  long,  whidi  arc 


E^ 


^'*^(J""t 


Ah' 


Figs.  395-397. — Combination  pan  of  Fraser  and  Chalmers. 

tinlby  ,^/4-in.  rods  J;  these  pass  with  their  threaded  ends  through  binder 
liUukH  and  are  tightened  by  means  of  nuts.     The  staves  are  backed  by  the  flange 
/.  und  the  joint  made  tight  by  calking;  they  are  protected  inside  from  wear  by  the 
\i\\^  M,  usually  a  separate  casting  weighing  about  400  lb.;  the  ring  beside  pro- 
tritlng  the  wood,  furnishes  finely-divided  iron  for  the  chemical  reduction  of 
hllvrr  t on^pounds.     The  sides  carry  wood  or  iron  covers  N  made  in  two  sections, 
rai  li  with  an  opiMiing  for  inspection  and  sampling  closed  by  a  lid.     In  charging 
M  l»ah,  owv  cover  only  is  removed.     The  central  part  of  the  pan  is  dosed  by  the 
\*»hr  //  rntling  in  a  cylinder  which  forms  a  guide  for  the  shaft.     The  cone  may 
\i^^  uint  In  owv  piece  with  the  pan,  but  is  preferably  joined  to  it  by  flanges  and 
Imlto.      riu'  lH>ttom  of  the  pan  is  protected  against  wear  by  dies  C  of  chilled 
\\\i\\  Nvhli  li  form  u  flat  ring  i  1/2  to  2  in.  thick.    This  grinding  surface  may  con- 
sul ol  hex  rrul  pieces,  eight  in  the  figure,  or  form  a  single  ring;  the  independent 
uUh  e^  uio  (iiHtened  to  the  bottom  of  the  pan  by  dovetail  lugs  fitting  into  corrc- 
*i»s»hdihK  Kf****^'*'^^  *^  single  ring  is  usually  cemented  in.     Channels,  i  to  1 1/2  in. 
MmiVi  iiWi^Jiu*  to  the  radius  are  left  open  between  the  single  dies  or  cast  in  the 
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^Be'riiig  in  order  to  assist  in  the  travel  of  the  pulp  and  in  spreading  it  between  the 
grinding  surfaces.  A  die  ring  is  easier  to  exchange  and  protects  the  bottom  better 
th*n  do  independent  dies,  but  does  not  wear  evenly.  The  chilled-iron  shoes 
T,  which  form  the  upper  grinding  surface,  are  oblique  sectors,  i  1/2  to  a  in. 
thick,  fastened  with  dovetail  wedges  to  the  muUer  S.  This,  an  annular  cast-iron 
plate,  has  on  the  surface4  lugs  for  the  legs  of  the  spider  U,  or  plate  and  legs  form  a 
angle  casting.     The  legs  end  in  a  cone  that  is  bolted  to  the  driver  V;  the  latter 


Fio    398  — Comb  nat  on  pan  of  M   P   Boss. 


bas  a  long  bearing  with  vertical  groove  into  which  fits  the  spline  of  the  working 
■haft  Z  and  thus  permits  rotation  of  the  muller.  To  the  driver  is  bolted  the 
tfareadedcapX^jitsscrew  resting  on  top  of  the  driving  shaft /allows  raising  and 
kiwering  the  muUer  by  means  of  the  handwheel  IV,  and  maintaining  it  in 
position  by  the  lockwheel  Y.  By  driving  through  groove  and  spline,  and  by 
the  mode  of  suspension,  the  muller  can  be  raised  and  lowered  while  rotating. 
The  driving  shaft  Z  turns  in  a  step  below  the  pan  and  is  held  in  position  by 
the  bearing  of  the  driver  V;  it  is  rotated  by  a  bevel  gearing  below  which  receives 
its  power  from  a  line-shaft  by  a  slack  belt  and  a  tightener.    To  the  ^des  ot  th^ 
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pan  are  bolted  or  dovetailed  four  wings  R,  plough-shaped  castings,  which 
extend  some  distance  downward  and  deflect  the  pulp  downward  and  toward  the 
center  of  the  pan.  The  proper  circulation  of  the  pulp,  the  pulp  current,  is  of 
vital  importance  for  effective  work.  The  pulp  is  whirled  around  by  the  centrif- 
ugal force  of  the  muller ;  i t  is  made  to  pass  from  the  center  outward  by  the  oblique 
channels  of  shoe  and  die  which  cut  like  plows,  and  to  rise  at  the  sides;  it  is  then 
deflected  at  the  top  by  the  wings  toward  the  center  between  the  legs  of  the  muller, 
and  descends  to  start  again  on  its  outward  flow.  The  consistency  of  the  pulp, 
the  construction  of  the  pan  and 
with  it  the  T.p.m.  of  the  muller  are 
the  leading  factors. 

A  5-ft.  pan  weighs  about  8,000 
lb.,  makes  75  r.p.m.,  and  requires 
about  6  h.p;  it  receives  a  charge 
of  about  2  tons  30-  to  60-mesh  ore, 
grinds  this  in  3  to  4  hr.  to  1007 
mesh  and  amalgamates  the  silver 
for  the  same  period  of  time.  It 
consumes  from  1/5  lb.  iron  per 
ton  with  ore  that  is  free-milling, 
poor  and  not  ground,  to  8  lb.  with 
ore  that  is  free-milling  and  ground, 
and  to  35  lb.  with  ore  that  is  base, 
rich  and  roasted  (Washoe  and 
Reese  River  processes). 

The  pan  of  M.  P.  Boss,  con- 
structed for  the  continuous  or  Boss  system  of  amalgamation,  is  shown  in  Figs, 
398  and  399.  The  three  major  characteristics  are  that  the  steam-chest  of  the 
bottom  extends  up  into  the  cone  and  increases  the  heating  surface,  that  there 
are  inlets  and  outlets  for  the  flow  of  the  pulp  from  pan  to  pan,  a  number  being 
set  up  in  a  row  close  to  one  another,  which  requires  a  different  connection  with 
the  main  driving  shaft,  and  that  the  pans  serve  for  amalgamating  only,  the 
grinding  being  carried  on  separately  in  special  continuous  grinding  pans  work- 
ing in  pairs. 

268.  Continuous  Grinding  Pans,- — This  class  of  pan  has  been  introduced 
into  gold  and  silver  mills  to  grind  fine  particles  about  o.oa  in.  diam.  In  South 
Africa  and  Australia  the  pan  of  Denny  Bros,  is  the  one  best  known;  in  the 
United  States  that  of  the  Colorado  Iron  Works.  Both  are  modifications  of 
the  Wheeler  pan;  the  earliest  continuous  grinding  pan  is  probably  that  of  M. 
P.  Boss. 

The  Denny  Bros,  pan,'  shown  in  Figs.  400-403,  is  5  ft,  diam.,  has  a  set 
of  18  cast-iron  shoes,  3  in.  thick,  attached  to  a  muller  plate  by  means  ol  eye- 
rings  and  wooden  keys,  also  18  corresponding  dies.    The  machine  makes  57 
tAIlen.R.,"  West  Australian  Metallurgical  Practice,"  Kalgoorlie,  1906,  p.  11, 
Denny,  G.  H.,  and  H.  S,,  Tr.  S.  Aff.  Attn.  Eng.,  190^-06,  Xi,  Jii. 


Fic,  399. — Combination  pan  of  M.  P.  Boss. 
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T-pJn.  and  requires  6.5  h.p.  Shoes  and  dies  last  eight  weeks  with  raw  and  ax 
ivecks  with  roasted  ore.  In  order  to  correct  the  loss  in  weight  due  to  wear  of 
ahoes,  one  or  two  compensating  rings  weighing  about  600  lb.  are  slipped  over 

die  quder  and  rest  upon  the  muUer.    The  work  accomplished  i&  ^own  in 

Table  183. 


Fics.  400-40J. — Denny  continuous  grinding  pan  «rith  compensating  weights. 
T«LE  i8j. — WoiK  or  GuNDiNG  pANS  IN  GoLD  MiLUNC  PLANTS  OF  WESTERN  Australia' 


Location 

Sizeot 
pan, 
ieet 

Capacity, 
tons 
S4hr. 

Horse- 
power 

Revolu- 
tions 
per 
minute 

Renarki 

tnnhoe  Mill 

S 
S 

!i 

5 

s 

5 

S 

33 
:j,6 

8.4 
"S 
16.5 

30 

33 

6.S 
4  S 

S3 

4.5 

S 

4S 

With  amalgamation. 
With  amalgamation. 

With  amalgamation. 
Without  amalgamation. 
Without  amalgamation. 

Aiwc.     Northern      Gold 

Mine. 
Sou  of  GwbUb  Gold  Mine 
GfCBt    Bouldei    Penever- 

Gnat  Boulder  PtopieUry 

Anoc  Gold  Mine 

Lake  View  Consol.  Gold 

Uine. 
Gnat  nngall  Gold  Mine. 

*  Allen,  op.  eil.,  pp.  12,  32,  44,  70,  95,  114 
Rkbaids,  "Ore  Dressing,"  ni,  1384. 
Jmmm,  £mt.  Min.  J.,  1913,  xcv.,  gja. 
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A  sizing  of  the  ground  pulp  of  the  Ivanhoe  mill  with  and  without  the  use  of 
compensating  rings  gave  the  data  of  Table  184. 


Table  184.— Gkound  Pulp  or 

VAN  HOE  Mill' 

Grinding  18  tons  per  day           1            Grinding  ji  tons  per  day 

Mesh 

With  compen- 
sating wdghts, 
percent. 

Without  com- 
pensating 
weights, 
per  cent. 

Wlthco^pcn-     :     «i.ho.,co.- 

on    60 

on  ISO 

Ih.  150  on  .  . , 

0.3 
11.7 

II. 7 
763 

3  5 

48.3 

37  8 

1.7                 16.7 

24.  J                          so- a 
18. 5             .               8-9 
S5-S                          '3  7 

t%% 


Co  o  ado  Iron  Works  conlinuoua  gtiad  ug  pan. 


The  continuous  grind- 
ing pan  of  the  Colorado 
Iron  Works,  Denver,  is 
shown  in  Figs.  404  and 
405.  It  is  5  ft.  diam.,  2  ft. 
deep,  weighs  7,500  lb. 
The  arrangement  of 
shoes,  dies,  wings,  etc., 
is  the  same  as  in  the  com- 
bination pan.  The  pulp 
is  fed  into  the  annular 
trough  attached  to  the 
s|>ider,  passes  downward 
through  four  pipes  to  the 
inner  edges  of  the  muller, 
is  ground  between  shoe 
and  die,  and  overflows 
over  the  edge  of  the  curb 
into  the  launder  surround- 
ing the  pan.  The  work 
of  tiiis  pan  and  that  of 
two  tubc-miils  at  the 
Homestake  mine  is  given 
in  Table  185. 
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Fig.  405. — Colorado  Iron  Works 


Table  183— -Work  or 

Grinding  Pan  and  Tt-BE-MILL 

T  HOUESTAKE  Mine' 

5-It.  grinding  pans 

SXMft. 
tube-mill 

sXmU. 
tube-null 

13,308  tons  ground  by 

7  pans 

Regular 
adjustment, 
medium  teed 

Special 
adjustment, 
heavy  feed 

Tot&l  tons  ground  pet  day — 
Tons    ground    per    day    to 

p«ss  »oo-mesh  sieve. 
Water  in  leed,  per  cent 

'9-34  P 
10.83  p. 

Heads 

■rpan 
rpan 

73 
43 

38.0 

'5^.8 
38.4 

T.a. 

„„d. 

Tails 

Heads 

Tails 

Assay,  gold  value  per  ton. . . 

47 
34 
6 

I».07 

J2.49 

»2.04 

S 

13 

18 

»=-49 
18 
49 

s 

...0, 

Sizing  test,    per  cent,  on  50- 
mcsh. 
Between  50- and    80-incsh 
Between  80-  and  loo-mesh 

Between  loo-and  joo-mtsh 
Through  loo-mcfh 

6 

14 
M 

40 

39 
38 
7 

7 

>S 
14 
»6 
38 

'Clark-Sharwood.   Tr-   Insl.   Uin.   Mel.. 
XXXVII,  1091. 


-13,  XXII,  68;    Uin.   Eng.   World,   i 
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Table  185. — Work  of  Gkindiko  Pan  and  Tube- mill  at  Houestake  Mine.— CmlnMi 


Tons  ground  per  horse-jxjwcr 

2.30 

1.94 

2.92 

per    day    at    one    passage 

through  grinder. 

To  pass  IOC-mesh  sieve. . . 

1.31 

1. 14 

1.40 

To  pass  200-mesh  sieve. . . 

0.83 

0.74 

0.97 

Material    consumed,    pounds 

Iron,'wom3.4i=8o%, 

per  ton. 

Scrapped  0.82; 
ToUl  4 .  231b. 

Pebbles  1.66 

Pebbles  1.30 

The  results  of  comparative  tests  with  pan  and  tube  will  show  that  the  pan 
is  more  economical  in  power  than  the  tube-mill,  but  that  if  from  30  to  40  per 
cent,  more  sands  are  fed  to  the  tube-mill,  this  disadvantage  is  neutralized.  No 
new  pans  will  be  introduced  at  the  Homestake  mine,  and  the  old  ones  will  be 
replaced  in  time  by  tube-mills. 

269.  Roller  Mills. — These  are  machines  in  which  rolls  moving  in  a  circular 
enclosure  crush  ore  by  pressure  or  by  pressure  and  abrasion.  There  are  two 
general  types. 

(A)  Radial  roller  mills,  in  which  vertical  rolls,  with  their  axes  coinciding 
with  the  radius  of  the  horizontal  enclosure,  exert  the  necessary  force  mainly  by 
the  weight  of  the  rolls.  The  center  of  a  roll  crushes  by  pressure ;  the  sides  sliding 
upon  the  ore  crush  by  pressure  and  abrasion.  Either  the  rolls  move  around 
a  central  axis  and  the  enclosure  (pan)  is  stationary,  as  in  the  Chile,  Bryan,Lane, 
etc.,  mills,  or  the  axes  of  the  rolls  are  fixed  and  the  pan  rotates  in  a  horizontal 
plane  causing  the  rolls  to  revolve  as  in  the  edge-runners.  Fig.  232,  commonly 
used  for  crushing  refractory  materials. 

(B)  Centrifugal  roller  mills,  in  which  rolls  suspended  from  a  rapidly  rotating 
disk  or  pulley  swing  outward  and,  revolving  against  a  steel  ring,  crush  the  ore 
by  the  pressure  of  the  centrifugal  force.  The  Huntington  and  GriflBn  mills 
may  serve  as  examples. 

I.  The  Chile  Mill. — This  was  originally  used  to  prepare  ore  for  the  anas- 
tra.    Thus  at  Guanaxuato,^  in  1882,  a  single  roller  of  iron  or  stone,  5  1/2 '^• 
diam.  and  i  1/4  ft.  wide,  bound  by  an  iron  tire,  of  the  same  width  as  the  roller 
and  4  in.  thick,  rotated  on  a  horizontal  shaft,  one  end  of  which  was  attached  to  a 
vertical  spindle  in  the  center  of  the  mill  while  the  other  had  arrangements  to 
hitch  on  mules.    The  wheel  ran  in  a  gutter  i  ft.  7  in.  wide  paved  with  iron. 
Between  the  gutter  and  the  central  spindle  was  a  conical  screen  covered  with 
brass  wire-cloth  with  holes  0.5  to  0.6  in.  square.     The  mill  crushed  8  to  10  tons 
of  ore  in  24  hr.  to  be  ground  in  the  arrastra.     A  water-propelled  mill  of  similar 
primitive  form  used  at  Cerro  de  Pasco  for  fine-grinding  has  been  described  by 
Pfordte.^    It  has  a  single  stone  roller,  8  ft.  2  1/2  in.  in  diam.  and  i  ft.  6  in.  face, 

^  Rill,  Eng.  Min.  /.,  1882,  xxxiii,  104:  sec  also  Harper's  Magazine,  Feb.,  1907;  OlustratioD 

in  Mining  World,  1908,  xxix,  522. 
*  Tr.  A.  I .  J/.  7s.,  1894,  XXIV,  107. 
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makes  13  r.p.m.  on  a  bed  5  ft.  6  in.  indiam.  and  crushes  fine  1,5  tons  ore  in  24  hr. 
Fig.  406'  represents  a  more  modern  Chile  mill  once  used  for  fine-crushing  at  the 
Haile  gold  mine,  S.  C.  It  had  two  rollers,  weighing  about  i  ton;  they  were  4  ft. 
in  diam.  and  8  in.  face,  had  white-iron  tires  8  in.  thick,  and  made  40  r.p.m.  The 
capacity  in  24  hr.  was  90  tons  of  1/4-in.  tough  quartzite  to  40-mesh  pulp, 
and  the  wear  12  lb.  iron  per  ton  of  ore.  A  sizing-test  gave  on  40-mesh,  8.30 
ptrcent.;  40- to 60-mesh,  5.10 percent.;  50- to 60-mesh,  1.09 percent.;  60  to 70- 
mesh,  3.32  per  cent.;  70- to  80-mesh 
(?);8o-t090-mesh,  1.66  percent.;  90- 
toioo-mesh,  1.66  per  cent.;  through 
loo-mesh,  79.98  per  cent.';  the  large 
amount  of  the  last  product  illustrates 
the  grindiDg  action  of  the  machine. 

The  progress  that  has  been  made 
in  recent  years  in  the  construction 
of  Chile  mills  is  well  illustrated  by 
.  Hgs.  407  and  410  which  represent  a 
6-fL  Cole  mill  with  three  rollers  as 
Dade  by  the  Atlis-  Chalmers  Co. 
UiSs  of  this  type  are  common  in 
ne^tessing  plants;  in  metallurgical 
wAs  they  are  used  mainly  for  re- 
(nshing,  to  say  40-  or  6(>-mcsh,  the 
fint  tailings  from  stamped  and  con- 
centrated silver  and  gold  ores  in 
order  to   either   set   free  particles 

from  included  grains  for  recovery  by 

,  ^,  f    ,■  ..  FiC    406— Vertical  section  of  Chile  mill. 

further  concentration,  or  prepare  the 

material  for  the  tube-mill.  In  the  drawings,  the  cast-iron  base  i,  which  carries 
mortar  a  andsupports  driving  gears3and4,  is  provided  with  fourholes  for  founda- 
tion bolts  5;  in  the  center  it  has  circular  bearing  6,  about  13  in.  long,  for  spindle 
7,  lined  with  bronze  bushings  8,  held  in  place  byaflangeand  countersunk  screw; 
tlie  bushing  carries  bronze  friction-washer  9.  The  bottom  of  the  central  opening 
is  dosed  by  an  adjustable  cast-iron  step-box  to,  carr>-ing  steel  disc  it,  held  in 
place  by  dowel  pins  and  bronze  disc  12,  with  oil-grooves  which  support  steel 
toe  13  of  a  ball-and-socket  joint,  the  toe  rotating  with  tht  spindle.  The  driving 
gear  consists  of  cast-steel  bevel  gear  3  clamped  to  spindle  7  and  bevel  pinion  4, 
the  shaft  of  which,  3  i/i6in.  diam.  and  7  ft.  6  in.  long,  carries  driving  pulley  14 
(54  in.  diam.  and  12  in.  wide)  which  is  of  the  friction-clutch  type.  Between  the 
mortar  and  bevel  gear  3  is  a  bronze  bushing  15.  The  pulley  makes  125  r.p.m. 
and  with  a  gear  ratio  of  i  :  4.16  causes  the  spindle  to  rotate  at  the  rate  of  30 
r.p.m.  The  cast-iron  mortar  2  with  inclined  launder  1 7  is  8  ft.  in  diam.  and  2  ft. 
Mgh.  It  has  five  openings,  18  for  screens.  It  is  made  4  in.  thick  beneath  dies 
19  and  is  strengthened  by  ribs  in  the  center.  Here  the  bearing  20  for  the  spindle 
>  Rkbaidi,  "Ore  Dmsiog,"  Vol.  i,  p.  270. 
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is  2  ft.  4  in.  long  and,  reaching  up  into  spider  21  carrying  rollers  22,  prevents 

grit  or  water  from  entering.    The  inside  bottom  surface  of  mortar  2,  on  which 

ring-die  19  rests,  is  planed.     The  die  of  rolled  steel  is  4  ft.  9  in.  inside  diam.,  7 

in.  wide  and  5  1/2  in.  thick.    On  either  side  of  the  die  the  mortar  has  white-iron 

liners  24.    A  screen-frame  consists  of  an  outer  part  of  cast-iron  with  flange  to 

rest  against  the  outside  of  the  mill  and  to  be  held  in  place  by  wrought-iron  keys 

27,  a  central  part'28  of  wood,  and  an  inner  one  29  of  wrought  iron,  the  whole 

held  together  with  carriage-bolts  30.    The  mortar  has  a  housing  31  of  wood  tied 

by  wrought-iron  bands  32,  the  launder  a  splash-apron  33  of  sheet  metal.    The 

spindle  or  shaft,  7,  6  1/2  in.  in  diam.  and  about  10  ft.  long,  of  hammered  steel 

carries  spider  21,  for  driving  the  three  rollers  22,  and  feed  trough  35.    At  the 

point  where  the  driving  gear  is  placed,  the  diameter  of  the  spindle  is  reduced  to 

6  in.  to  prevent  the  shaft  from  moving  vertically  when  the  gearing  is  in  place. 

The  upper  part  is  provided  with  a  29-idegree  Acme  thread  of  3/4  in.  pitch  to 

match  a  bronze  nut  36  for  the  adjustment  of  the  driving  spider. 

The  top  is  provided  with  a  flanged  face  coupling  37  for  attaching  an  exten- 
sion shaft  38,  5  in.  in  diam.  and  7  ft.  long,  which  is  held  between  channel  irons 
•  furnishing  an  upper  bearing.    The  driving  spider  21,  of  cast-iron  and  ribbed  to 
give  additional  strength,  is  movably  attached  to  the  shaft  by  means  of  feather- 
key  40  (groove  and  spline)  to  permit  vertical  adjustment.    It  has  three  arms  41 
for  the  three  roller  shafts  42.    An  arm  has  two  bearings  for  trunnions  43, 8  1/4  in. 
in  diam.  and  3/4  in.  below  the  shaft,  by  means  of  which  a  roller-bearing  shaft  is 
supported  to  allow  for  the  rise  and  fall  of  the  roller  in  its  passage  through  the 
pan.    A  roller-shaft,  tapering  at  the  end,  is  5  in.  in  diam.  in  the  roller  and  3  ft. 
2  in.  long;  it  further  has  three  collars  44,  8  in.  in  diam.,  that  it  may  present  the 
necessary  wearing  surface  to  sustain  centrifugal  force  without  becoming  heated. 
A  feather  key  45  is  fitted  to  the  shaft  and  roller  to  assist  in  driving;  roller  22  of 
cast-iron  is  held  in  place  by  a  heavy  nut  46  which,  when  drawn  tight,  wedges 
securely  the  shaft  upon  the  roller.    The  feed-trough  35,  having  three  discharge- 
openings  48,  is  an  annular  box  fastened  to  the  spider.     It  is  of  cast  iron,  the  bot- 
tom and  lower  sides  are  lined  with  wrought  iron  49  to  take  up  the  wear;  each  dis- 
charge-opening has  a  wrought-iron  pipe  50,  4  in.  in  diam.,  which  delivers  the 
pulp  upon  the  ring-die  in  front  of  its  roller.     In  the  center  of  each  a  hole  is 
bored  through  to  fit  the  tapered  shaft;  the  body  has  a  number  of  holes  cast 
in  to  facilitate  handling,  and  the  circumference  is  tapered  for  the  reception  of 
wooden  wedges  used  to  hold  the  steel  tire  in  place.    This  has  an  outside  dia- 
meter of  4  ft.  6  in.,  a  7-in.  face,  and  is  3  3/4  in.  thick. 

The  lower  bearings  of  the  vertical  shaft  of  the  step-box  are  oiled  by  means  of 
pip>es  supplied  from  the  hand  oil-pump  51.  The  center  bearing  is  supplied  with 
oil  from  a  cavity  52  in  the  spider  by  means  of  oil-grooves  53 ;  the  roller-bearings 
each  have  three  grease-cups  54,  and  the  counter-shaft  bearings  two. 

The  mill  is  rated  at  50  tons  per  24  hr.  when  handling  material  averaging  3/4 
in.  size  and  reducing  to  30-  or  40-mesh. 
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2.  The  Bryan  Roller  Quartz  Mill.^ — Fig.  411  represents  one  form  of 
this  mill  with  screens  and  part  of  casing  removed.  It  is  suitable  for  wet-crush- 
ing, with  quicksilver,  gold  ore  that  is  to  be  amalgamated  on  an  apron-plate. 
Ores  with  a  soft  gangue  (decomposed  schist  or  slate  with  little  quartz)  and  with 
gold  present  in  a  loose  free  state,  appear  to  give  better  results  than  quartzose 
ores  with  finely  divided  particles  of  gold. 

The  apparatus  consists  of  a  cast-iron  pan,  4  to  5  ft.  in  diam.,  with  three  dis- 
charge-screens, a  stationary  center-post  to  the  top  of  which  are  fastened  branch- 
ing supports  for  carrying  the 
two  boxes  of  the  horizontal 
driving  shaft.  Its  pinion  drives 
the  horizontal  bevel  gear;  this 
is  attached  below  to  an  annular 
plate  to  which  are  journaled 
three  steel-tire  rollers;  they 
travel  on  a  sectional  die-ring; 
the  rollers  distributing  the  pulp. 
In  a  5-ft.  pan  a  roller  is  44  in. 
in  diam.,  7  in.  wide  and  weighs 
3,650  lb.;  the  steel  tire  weighs 
1,100  lb.;  the  annular  plate 
makes  40  r.p.m.;  the  mill  re- 
quires 10  h.p.,  400  to  1,000  gal. 
water,  and  treats  25  to  35  tons 
ore  in  24  hr.  A  4-ft.  mill  with 
60  r.p.m.  requires  5  h.p.,  300  to  750  gal.  water,  and  treats  12  to  20  tons  ore. 

3.  The  Lane  Mill.* — This  is  a  low-speed  edge-roller  mill,  made  by  the 
Standard  Iron  Works  of  San  Francisco,  for  fine-crushing  and  amalgamating 
gold  ore  crushed  by  rolls  or  stamps.  It  has  six  rollers,  42  in.  in  diam.  and  5  in. 
face,  ^-ith  steel-faced  wooden  centers  and  steel  tires  2  1/2  in.  thick,  attached  to  a 
spider  with  6  arms  which  is  supported  in  the  center  by  ball-bearings  and  weighted 
by  an  overhead  tank  charged  with  6  tons  of  scrap  iron.  The  rollers  travel 
8  r.p.m.  in  a  pan  of  riveted  steel  upon  a  track  10  ft.  in  diam.,  2  1/2  in.  thick  and 

5  1/4  in.  wide  made  in  sections  of  rolled  steel.  The  arms  of  the  spider  are  at- 
tached to  a  driving  gear  12  ft.  in  diam.;  8  to  12  h.p.  are  required.  Six  pipes 
deliver  the  sands  in  front  of  the  rollers. 

At  the  Bonita  mill,  Baram,  Wash.,  six  runners  weighing  900  lb.  each  making 

6  r.p.m.  and  requiring  12  h.p.  crushed  in  24  hr.  40  tons  1/4-in.  ore  through  an 

*  Risdcm  Iron  Works,  San  Francisco. 

Preston,  Bull.  No.  6,Statc  Mineralogist,  Cal.,  1895,  p.  62;  Min.  Sc.  Press,  1895,  Lxx,  193. 

Tays,  Tr.  A.  I.  }f.  K.,  1899,  xxix,  776,  1054. 
'Lane,  Min.  Rrp.^  19071  LV,  515. 

Stewart,  op,  cit.,  p.  543. 

PMitor,  Enf^.  Min.  J.,  1908,  ixxxv,  1053. 

Slow-speed  Mills:    Kmpson,  Tr.  Mex.  Inst.  Min.  Met.,  1910-11,  II,  173. 

Denny,  op.  cit.,  191 2  -13,  ill,  25. 


Fig.  411. — Bryan  roller  quartz  mill. 
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S-Diesb  screen  with  a  6-in.  discharge.     A  sizing  test  of  the  pulp  aftei  haviig  I 
been  treated  on  a  Wilfley  table  is  given  in  Table  187. 


Table  187. — Sizino-test  0 

P  PXJLP  FK 

OH  Lane 

Mill 

AITEK 

CONCENTIATION 

30 

40 

,. 

S8 

66     1    S6    '    Jt 

99 

96 

91         SS    1    k 

4.  Huntington  Centrifugal  Roller  Mill.' — The  mill  serves  a  amilK 

,  purpose  as  the  Bryan  mill  (see  above).     Fig.  412  represents  a  perspective  view 

of  one  of  the  mills  made  by  Fraser  and  Chalmers.    The  cast-iron  pan  C  with 


— Huntingli 


ifugal  roller  mill. 


central  cone  G  carries  the  bousing  which  is  made  in  two  sections;  this  contuu 
the  feed-hopper  A  and  the  discharge-screens  which  are  9  in.  wide  and  occupy 
half  of  the  circumference.  The  pan  is  mounted  on  a  wooden  frame.  The  driv- 
ing shaft,  pivoted  in  /  and  passing  through  cone  G,  receives  its  motion  from 
below  through  a  bevel  gear,  shaft  and  pulley.  To  its  upper  end  is  keyed  1 
frame  B  which  carries  three  pairs  of  boxes  for  the  trunnions  of  the  sleeves  from 
which  are  suspended  the  shafts  of  the  three  steel-tire  rolls  E  which  revolve  frerfj 
around  their  shafts.  These  are  inclined  so  that  the  roller  is  1/4  in.  above  tbi 
bottom  at  the  outer  edge  and  i  3/4  in.  at  the  inner.  When  rotated,  the  roller 
are  thrown  outward  radially  from  the  center -shaft  against  the  circular  steel  & 
of  the  pan,  and  by  the  pressure  of  the  centrifugal  force  crush  in  water  the  or 

'  Preston,  Bull.  No.  C,  State  Min.  Bureau,  1895,  p.  60. 
Parson,  Trans.  Inst.  Min.  Mel.,  1905-06,  xv,  587. 
Report  State  Min.  Cat,  1887,  vi»,  51  (Spanish  Mini 
(Spanish  Mine),  670  (Golden  Treasure  Mine). 

Eng.  Mitt.  J.,  1888,  XLV,  324  (Spanish  Mine). 


9,  vui,  144  (Quakef  Mine),  44 
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^pot  >3/4  in.  in  diam.)  to  the  required  size;  they  gyrate  around  the  central 
shaft  and  revolve  around  their  suspension  rods.  The  bottom  of  the  pan  is 
covered  with  an  annular  cast-iron  disk  which  takes  up  the  wear. 

Saapers  F  keyed  to  the  frame  turn  over  the  pulp  and  drive  it  toward  the 
die    The  pulp,  when  sufficiently  fine,  passes  through  the  screens,  is  collected 
in  an  annular  space  and  delivered  to  an  apron  plate.    Quicksilver  is  added  to  the 
mill  in  the  usual  way;  amalgam  collecting  on  the  bottom  is  removed  at  the 
icgular  dean-up. 

Table  188. — Details  op  the  Huntington  Centrifugal  Roller  Mill* 


Diam., 
feet 


Rollers, 
No. 


Rev. 

per 

minute 


Horse- 
power 


Ore 
fed; 
size, 
inches 


Product; 
size, 
mesh 


Capacity 

24  hr., 

tons 


Water, 

gallons 

per  hour 


Iron, 
con- 
sump- 
tion 


3i 

5 
6 

3i 

5 
6 


3 

90 

4 

30 

3 

70 

6 

30 

3 

55 

8 

30 

4 

90 

5-7 

30 

4 

70 

8-10 

30 

4 

55 

10-14 

30 

12 
20 

30 

8-12 

20-25 
40-50 


750 

1,000-1,200 
1,400-1,700 

750 

1,000-1,200 
1,400-1,700 


The  mill  is  used  as  a  dry  pulverizer  in  cement  plants  for  crushing  rock  and 
linkers  through  a  20-mesh  screen  preparatory  to  fine-grinding  in  the  tube-mill. 
5.  The  Raymond  four-roller  mill,  Fig.  413,  works  on  the  same  general 
principles  as  the  Huntington  mill.  The  details  are  easily  seen  from  the  figure 
^d  the  legend.  At  the  smelting  works  of  the  Canadian  Copper  Co.,  Copper 
Cliff,  Ont.,  two  of  these  machines  crush  in  10  hr.  50  tons  of  coal  containing  10 
per  cent.  ash.  The  coal  is  cracked,  dried  in  a  Ruggles-Cole  dryer  and  fed  to  the 
^ymond  machines  that  deliver  a  product  of  which  nearly  the  whole  will  pass 
*2oo-mesh  screen;  the  dust  serves  as  fuel  for  reverberatory  smelting  furnaces.^ 
The  Fidler-Lehigh  pulverizer  mill'  used  at  Lebanon,  Pa.,  for  the  production 
<rf  fuel  dust  to  be  used  in  heating  for  nodulizing  magnetite  concentrates  works 
on  a  similar  principle,  hardened  balls  revolving  in  cast  metal  races  at  high  speed. 
It  is  said  to  crush  from  3.5  to  4  tons  of  coal  per  hr.  to  a  fineness  of  95  per  cent, 
through  a  lOO-mesh  screen  with  a  consumption  of  from  32  to  35  h.p. 

6.  The  Gkcpfin  Roller  Mill  (Fig.  414). — A  single  suspended  roller  31, 
gyrating  in  a  cast-iron  pan  provided  with  liners  70,  crushes  dry  or  wet  ore  fed 
at  one  side  and  discharges  the  fine  material  through  a  screen  into  a  pocket 
beneath  the  pan,  whence  the  pulp  is  removed  by  a  screw-conveyor.  Power  is 
received  through  pulley  17  which  has  two  journals  27  and  26  attached  above  and 

*  For  other  data,  see  Schwerin,  Eng.  Min,  /.,  1904,  lxxvii,  403. 
Raymond,  Inst,  Chem.  Eng.,  1913,  xi,  108. 

•Sec  Hofman,  ''Metallurgy  of  Copper,"  1914,  p.  267. 

*  Ennis,  Eng.  Mag,^  1907-08,  xxxiv,  474. 
Meade,  2V.  Am,  Inst,  Chem,  Eng.,  1909,  i,  109. 
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below.  The  upper  one  with  its  joumal-pin  revolves  in  an  extension  of  one  of 
the  standards,  the  lower  one  in  a  tapered  adjustable  bearing  31  which  is  carried 
by  the  three  standards. 


Griflin  roller  mill. 


Shaft  I  which  carries  roller  31  and  passes  through  the  lower  journal,  is  sus- 
pended by  means  of  universal  joint  9  in  the  center  of  the  pulley;  the  joint  consists 
of  a  sphere  with  trunnions  which  rock  up  and  down  in  recesses  of  the  pulley. 
Under  roller  3 1  are  plows  5  to  keep  the  ore  stirred  up,  and  above  it  fans  6  and  7, 
used  in  dry-crushing  to  draw  in  air  through  the  top  of  the  sheet-iron  cone  and 
force  it  through  the  screens  which  are  mounted  on  the  pan  and  surrounded 
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by  a  housing.  The  ore,  introduced  through  a  hopper  at  the  left,  is  fed  by  means 
of  a  screw,  driven  from  a  step-pulley  above,  to  fill  the  pan  up  to  plows  5  which, 
stirring  it  up,  throw  it  against  die  70  so  that  it  will  be  acted  upon  by  roUer3i. 
When  in  full  operation,  the  ore  is  whiried  around  in  the  pan  and  crushed;  the 
fine  particles  are  driven  through  the  screen  and  the  coarse  ones  fall  down  to  be 
again  acted  upon.  Roll  31  is  revolved  in  the  same  direction  as  shaft  i  is  driven, 
but  when  in  contact  with  the  die  it  gyrates  backward  thus  acting  in  two  different 
ways  upon  the  ore. 

Table  189. — Details  of  Griffin  Roller  Mill 


30-in.  iniU 


36-in.  mill 


Total  height  above  foundation 

Total  width 

Height,  top  of  foundation  to  center  of  pulley 

Total  weight 

Pulley,  revolutions  per  minute 

Horse-power 

Diameter  of  pulley 

Diameter  of  roll 

Diameter  of  ring  or  die 

Depth  of  contact  surface  on  roll 

Weight  of  ring  or  die 

Weight  of  tire 

Pressure  of  roll  against  die 


8  ft.  2i  in. 

5  ft.  3  in. 

6  ft.  4}  in. 

10,500  lb. 

190-200 

15-25 

30  in. 

18-20  in. 

30  in. 
6  in. 

260  lb. 

100  lb. 

6,000  lb. 


8  ft.  7lin- 
6  ft.  3  in. 
6  ft.  6)  in. 
14,500  lb. 

135-150 

25-30 
40  in. 

22-24  in. 

36  in. 

6  in. 

408  lb. 

175  lb. 
8,000  lb. 


Table  190.— 

-Work 

OF  Griffin  Roller  Mill 

Material 

Mill 

Ore 

Location 

Diam. 

of 

die, 

in. 

Rev. 

per 
min. 

Horse- 
power 

Capacity 

24  hr., 

tons 

Size 

of 
feed, 

in. 

Size  of 

product, 

mesh 

Reference 

Great    Boulder 

Schistose 

30 

198 

18 

37 

\ 

14a 

' 

Allen.   West- 

Perseverance, 

gold  ore. 

Australian 

W.  Australia. 

-     Metallurgici 

Great       Boulder 

Schistose 

30 

200 

20 

30 

\ 

IS* 

Practice,  igrt 

Proprietary, 
W.  Australia. 

gold  ore. 

. 

pp.  65  and  l! 

? 

Portland 
cement 
clinker. 

30 

200 

25-28 

24-36 

\-\ 

90-95% 
through 
100 

? 

Limestone..  . 

30 

200     < 

25 

48-60 

\-\ 

90% 

through 

xoo 

Bradley 
PnlveriierC 

? 

Bituminous 
coal. 

30 

200 

20 

48 

I 

95% 

through 

xoo 

. 
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Table  191. — Scbecn  Analysis  of  Gbifpih  Roller  Mill  Product 


P"-— - 

Proprietary 
ore 

Ball  mill 

product  of 

Proprietary  ore 

Screening 

14-mesh  of 

aa-gauge 

wire 

lo-mcah  of 

ii-gaugB 

wire 

lo-mesh  of 

ao-gauge 

wire 

15-meflh  of 

a  I -gauge 
wire 

30-niesh  of  | 
aS-gauge  wilti 

Through         on    90 
Through    10  on    30 
Through    30  on    40 
Through   40  on   60 
Through   60  on   So 
Through    80  on  100 
Through  100  on  130 
Through  120  on  iso 
Through  150  on  loa 
Through  aoo 

Per  cent. 

O.iO 
I-OO 

S-SO 
S-3S 

4.IS 
1  00 
7  35 
4.0s 
68.1a 

Per  cent. 

Per  cent. 
s.SO 
4.00 
4. so 
7  «S 

5  3S 
4.8s 
2  as 

6  00 
:.6s 

61.7s 

S8 

'5 

75 
7S 
IS 

6S 

«s 

So 

1.07 

ii 

sw 

1.17 
10.60 

4.38 
67.7a 

6 
S 

SO 

74 
64 
07 
67 
32 
So 
33 

■        270. 

H        horizoi 
H  'Hi! 

L 


FlGS.  415  ud  416.— Gnison  or  Enipp  ball  mill. 


270.    Ball  Mills.' — These  machines  are  characterized  by  a  short  revolving 
horizontal  cylinder  in  which  the  ore  is  pulverized  by  the  blows,  the  grinding 
History:  StH.  DiHiUr  Pal.  J.,  i8«j,  cccvi.  j8,  jg,  83. 
Ball,  Tr.lHil.  Mm.  Ucl.,  ■Qti-ta,xxi,  3. 
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and  the  pressure  of  chilled  cast-iron  or  steel  balls  or  cylinders  upon  one  motk 
and  upon  a  die-ring  through  which  the  pulp  is  screened  out  as  fast  as  it  is  fonud. 
They  can  be  run  dry  or  wet,  are  compact,  give  a  finished  product  low  in  sto 
or  dust,  and  are  suitable  where  small  units  are  required.  The  Gruaon,  Gits 
and  Tustin  mills  may  serve  as  examples. 

I.  The  Gruson  or  Krupp  Mill  (Figs,  415  and  416). — ^This  conastsof  i 
stationary  sheet-iron  housing  s,  with  feed  k  at  one  side,  off-take  y  for  dust  it 
the  top  and  discharge  e  for  the  pulp  at  the  bottom.    Inside  revolve  with  lit 
horizontal  shaft  uf,  the  die-ring  o  carrying  the  crushing  balls,  theencloangcoaw 
perforated  sheet-steel  cylinder  c  which  takes  up  the  wear,  the  concentric  vm- 
gauze  screen  d  which  sifts  out  the  pulp,  and  the  discs  I  which  form  the  sio- 
The  ie-Ting  b  composedoffivt 
overlapping  cMUed-iron  plilcs 
a  which  are  perforated  at  tbt 
front,  and  thickened  and  bent 
spirally  at  the  back  to  fora 
steps  for  the  balls  to  drop,  mil 
to  furnish  open  spaces  for  ibc 
return  of  the  oversize  fromtlie 
screens.     The  coarse  screen  ( 
consists  of  five  sections  vitb 
r  Krupp     spaces    between.        The  fine 
screen  d  usually  is  cylindrical; 
in  some  cases,  as  in  Fig.  4i(i 
the  straight  fine  sie\e  has  been  arranged  in  step  form  to  assist  the  screening 
of  ores  that  do  not  pass  readily  through  the  meshes  of  the  surface,  curved  in 
the  ordinary  way.    The  ore,  crushed  to  egg  size,  is  charged  into  the  hopper  i 
and  fed  from  this  by  the  two-blade  propeller  k  into  the  c>linder  where  it  is 
pulverized  by  steel  balls  which  are  of  mixed  size  in  order  to  increase  the  contact 
surfaces. 

The  ore  passes  through  the  openings  in  the  dies,  falls  on  to  the  punched 
screen  r,  which  retains  medium-sized  particles,  and  the  gauze-screen  which  allows 
the  tine  pulp  to  pass  through;  the  oversize  from  both  screens  is  returned  by  the 
deflectors/  to  the  grinding  center;  dust  is  drawn  off  through  y  into  a  settling 
or  tillering  chamber.  .Access  to  the  center  is  obtained  through  the  manhole  « 
in  the  side.  In  order  to  permit  the  removal  of  mctallics  there  is  provided  a  slot 
at,  which  passes  through  the  screens  and  die-ring  and  is  smaller  than  the  diameter 
of  the  balls.  Removing  the  cover  and  allowing  the  drum  to  make  several  revo- 
lutions causes  the  metallics  to  drop  out.  The  mill  is  made  in  different  sizes. 
Mill  No.  4  is  (1  ft.  ^;  in.  in  diam.,  _;  ft.  3  in.  wide,  takes  1,540  lb.  of  balls;  No.  5, 7 
ft.  5  in.  in  diam.,  _;  ft.  10  in.  wide,  takes  2.^40  lb.  balls;  No.  8,  8  ft.  lo  in.  in 
diam.,  4  ft.  wide,  takes  4.400  lb.  balls. 

J.  Tki:  Gati:s  Mm,  made  by  the  .A Hi.* -Chalmers  Co.,  is  shown  in  cross- 
section  ill  Fig.  41S.     The  principle  is  the  same  as  the  Gruson  mill. 
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Fig.  418.— Gates  ball  mill. 


Table  1 
Screen 

3. — Screen- ANA 

LYSIS   OP   OltE   TttEATED   IN  TABLE 

191 

Associated 
Northern 

South           '          GrcU 

Kalgoorlie       '         Boulda 

1 

Per  cent. 

Per  cent. 

Per  cent. 

Pel  c«t. 

On  40 

...6 
13.6 

73 

si: 

7.g6 
.o.gj 

8.80 
11.79 
7.01 
7.20 
3-4S 
*.4S 
58.30 

S 

IS 
6 
8 

6 
56 

74 
t>* 
07 
67 
J» 
IJ 

21.67 
6.65 
5.00 

47. s 

Through  ijo 

3.  The  Tustin  Rotating  Pulverizing  Mill  (Figs.  419  and  420).—" 
revolving  cast-iron  casing,  7  and  8,  with  liners  near  the  ends  to  take  up  the  wi 
carries  die-ring  11.  This  consists  of  8  sections  of  grate-lite  castings  of  chii 
iron  or  steel,  3  3/4  in,  thick,  with  slots  12X1/4  in.  that  widen  outwardly. 
the  end  of  a  section,  a  slot  13  is  i  in.  wide  in  order  to  furnish  the  space  necess 
for  the  oversize  to  return  to  the  barrel.  The  casing  is  mounted  on  two  htd 
trunnions;  one  of  them  carries  gear-wheel  5  driven  by  pinion  4  and  pulle; 
through  it  passes  indicator  shaft  30  with  indicator  yoke  16  at  the  inner. 
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c-pointer  33  at  the  outer  end;  the  other  holds  feed  tube  33  receiving  crushed 
rom  helper  31  and  water  from  pipe  39. 


-Tustin  rotating  pulvenzing  mill. 


rhe  feeding  is  accomplished  by  pushing  the  hopper  outward  by  means  of 
cbet  wheel  on  trunnion  8,  and  pulling  it  suddenly  back  by  a  spring  attached 
^>per  31;  the  throw  of  tube  33  is  regulated  by  the  portion  of  aca[a.a.tt]bL'& 
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bottom  of  the  spring-rod.  The  die-ring  is  enclosed  by  screening  surface  14  which 
delivers,  into  stationary  plate-iron  housing  40,  discharging  at  the  bottom,  and 
is  cleared  by  water-jet  38.  The  barrel  has  two  rollers  10  which  crush  the  ore 
by  their  weight.  Indicator  yoke  is  acted  upon  by  the  rollers;  it  is  stationary 
with  a  proper  feed,  but  oscillates  to  and  fro  when  the  machine  is  underfed,  bang 
struck  by  the  rolls,  and  indicates  this  by  the  swing  of  pointer  22.  By  attadiing 
a  cam  to  indicator  shaft  20,  its  motion  can  be  used  to  operate  a  self-feeder. 
Covered  hand-holes  opposite  slots  13  permit  removing  bits  of  iron  that  may 
have  accidentally  entered  the  machine.  By  uncovering  several  hand-holes, 
any  surplus  ore  may  be  removed  from  the  machine  when  this  has  been  over- 
fed or  choked. 

Table  194. — Details  op  Tustin  Rotating  PuLVEwaNO  Mnx 


Die-ring 

Large  roller 

Small  roller 

Tons 

ore, 

24  hr. 

* 

H.  P. 

Ret. 

Sise 

Inside  !_        ^, 
,.           Length, 

,      1    inch 
inch 

Diam., 
inch 

Length, 
inch 

Weight, 
pounds 

Diam., 
inch 

Length, 
inch 

Weight, 
pounds 

per 
min. 

Large 
Small 

S4 
40 

18 
14. 

194 
13 

18 

14 

1,200 
475 

14 

IZ 

18 

14 

7SO 
350 

12-24 
4-10 

30 
3a 

Work:  Willard  Min.  Co.,  State  Min.  Cal.,  1886,  vr',  p.  41. 
Wagoner:  Tech.  Soc.  Pac.  Coast,  1886,  in,  45. 


271.  Tube-mills.^ — A  lube-mill,  Fig.  424,  is  a  lined  horizontal  revolving 
steel  cylinder  3  ft.  6  in.  to  5  ft.  in  diam.  and  14  to  22  ft.  long,  charged  with  flint 
pebbles  for  fine-grinding,  dry  or  wet,  ore  that  is  fed  continuously  at  one  end  and 
discharged  at  the  other. 

If  an  empty  revolving  cylinder  is  partly  charged  with  brittle  material,  closed 
and  then  revolved  at  a  certain  speed,  the  charge  ^all  be  pulverized  after  some 
time  by  the  attrition  of  the  particles  upon  themselves  and  upon  the  walls  of  the 
cylinder.  This  procedure  is  used  in  testing  the  resistance  to  abrasion  of  brick 
and  coke,  and  in  polishing  malleable  castings.  If  balls  harder  than  the  material 
to  be  pulverized  are  charged  into  a  closed  barrel,  as  in  the  "Alsing  Pulverizing 
Cylinder  with  Intermittent  Feed  and  Discharge,"  the  comminution  is  hastened. 
The  grinding  action,  quick  at  first,  becomes  slower  as  the  amount  of  pulp  formed 

*  Wilson,  Mines  and  Minerals,  1908,  xxrx,  8. 
Fox,  op.  cit.,  1907-oS,  xxviir,  537. 
Del  Mar,  Min.  World,  1910,  xxxii,  371. 
Shepard,  Met.  Chem.  Eng.,  191 2,  x,  216,  219. 
Urbitcr,  Kng.  Min.  J.,  191 1,  xcir,  257. 
Diehl,  Met.  Chem.  Eng.,  1911,  ix,  604. 
Truscott,  Min.  Sc.  Press,  191 2,  civ,  533. 
lirown,  op.  cit.,  p.  207. 

"Text-book  of  Rand  Metallurgical  Practice,"  Lippincott,  Philadelphia,  191 2,  Vol.  I,  pp. 
105-140. 
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If  the  pulp  is  screened  out  after  a  time,  the  grinding  action  is  even 
quicker  than  it  was  at  first.  This  shows  that  in  order  to  do  quick  work  it  is 
necessary  that  the  apparatus  have  a  continuous  feed  and  discharge;  also  that 
the  ratio  between  grinding-  and  charge-surface  be  diminishing  as  the  comminu- 
tion progresses  (Davidsen  principle). 

All  tube-mills  have  a  central  feed.  Mills  with  a  peripheral  discharge  (David- 
sen  type)  embody  the  two  requirements  of  good  work,  as  the  charge  thins  out 
while  the  volume  of  pebbles  remains  constant.  As  in  wet-grinding  the  periph- 
eral discharge  is  connected  with  mechanical  difficulties,  most  machines  of  this 
dass  have  a  central  discharge  (Krupp  type),  the  leading  exception  being  the 
Abb£  mill.  The  simplicity  of  this  method  of  delivering  the  pulp  has  probably 
been  the  reason  why  the  central-discharge  machines  are  used  quite  extensively  ' 
ilsofor  dry-grinding,  in  the  United  States  almost  exclusively  (Krupp,  Alsing, 
Denver  Engineering  Co.,  Gates,  Hardinge  mills).  Although  the  central  dis- 
charge appears  to  violate  the  second  requirement  tor  good  work,  it  must  be  re- 
membered that  in  a  revolving  barrel  the  coarser  parts  of  a  charge  have  a  ten- 
dency to  work  their  way  downward  and  to  raise  the  lighter  ones  to  the  surface 
where  they  pass  oS  through  the  only  available 
opening.  This  appears  to  be  an  important  reason 
for  the  good  results  obtained  with  central-discharge 
machines.    • 

A  tube-mill,  which  is  a  fine-grinding  apparatus, 
can  do  satisfactory  work  only  with  material '  that 
has  been  crushed  medium  fine;  the  limit  in  coarse- 
ness is  8-mesh,  while  smaller  dzes  such  as  i6-  to  20- 
mesh  are  more  common.  In  gold  and  silver  mills 
the  pulp  from  a  preliminary  crushing  machine,  e.g., 
a  stamp-mill,  passes  through  a  classifier;  the  over-  ^"^  '*""rJJ^'^^'  *'  '*^ 
flow  is  fine  and  the  underflow  (sand)  goes  to  the 

tube-mill  to  be  slimed  for  cyaniding;  the  product  of  the  mill  again  passes  a 
clasdfier  which  separates  any  coarse  material  from  the  fine,  of  which  90  per  cent, 
will  pass  a  r50-or  azoo-meshsieve.     The  coarse  sand  is  returned  to  the  mill. 

The  theory  of  the  working  of  a  tube-mill  has  been  studied  mainly  by  Davidsen, 
Fischer,'  Warwick*  and  White.*  If  a  tube  about  half-filled  with  pebbles  is 
revolved  very  slowly,  the  surface  of  the  pebbles  will  become  inclined  and  at  a 
certain  angle  the  whole  mass  will  glide  back  into  the  original  position.  This  is 
readily  observed  in  slowly  revolving  cylindrical  roasting  furnaces  of  the  Briickner 
or  White  type.  If  the  speed  is  increased,  the  pebbles  will  rise  until  the  angle 
of  repose  is  slightly  exceeded,  whereupon  they  begin  to  roil  down  the  slope. 
With  a  greater  speed,  Fig,  421 ,  centrifugal  force  begins  to  exert  itself,  the  pebbles 
^read  out,  become  loose,  rise  on  the  ascending  aide  of  the  tube  and  being  pro- 
jected in  parabolic  paths,  pulverize  the  ore,  while  in  the  center  there  is  left 

'Zl.  Ver.  deuttck.  Ing.,  1904,  xlviii,  437;  Eng.  Min.  J.,  1904,  Lxx^^lI,  791. 

'West.  Chem.  Mel.,  1905,  i.  40, 

*  JeChtm.  Met.  Min.  Sac.  So.  AJr.,  1904-05,  V,  290;  Eng.  it  in.  /.,  iqoj,\xxx,  Vb^i- 


GENERAL  METALLURGY 

an  empty  space;  the  ore  broken  by  impact  of  the  balls  is  ground  fine  bj' 
rolling  motion  of  the  pebbles.    The  breaking  o£  ore  by  impact  must  be  I 
effective  in  a  wet  than  in  a  dry  tube-mill,  as  in  a  wet  mill  the  balls  stritdtal 
water  before  they  hit  the  ore.     If  the  speed  of  the  mill  is  still  further  incmad, 
the  effect  of  the  centrifugal  force  overcomes  that  of  gravity,  the  pebbles  5 
I  I  out  over  the  surface  of  the  cylinder, 

the  center  hollow,  and  pulverization  s 
A  tube-mill  is  either  supported  by  t 

nions  or  runs  on  tires.    The  diameter  and 

length  vary  with  the  required  capicity; 

the  range  has  been  given  on  page  5^; 

there  is  a  growing  belief  that  in  gold  imi 
silver  milling  with  5-ft.  in  diam.  tubes,  a  length  of  14  ft.  is  sufficient  tot  all 
practical  purposes.     The  number  of  revolutions  a  tube  is  to  make  has  been 


—El  Oro  lining. 


formulated  by  Davidsen'  a.%  N  = 


V6 


in  which  £7  =  diam.  in  inches.    Tliusa 


tube  5  ft.  in  diam.  would  make  200  :  7.746  =  26  r.p.m,;  the  common  figioe 
is  a  little  higher,  viz.,  28.  The  proper  speed  will  be  that  at  which  theieistbe 
least  slipping  of  pebbles. 

The  lining  for  crushing  gold  and  silver 
ores  has  been  made  of  hard  and  soft  wood, 
of  silex  (natural  flint  brick  2  1/2X4X8 
in.),  4  in.  thick,  or  quartzite  laid  in 
cement,'  of  chilled  cast-iron'  (i  1/2  in. 
thick),  cast  steel  and  manganese  steel  (i 
in.  thick)  plates  attached  to  the  shell  with 
counter-sunk  bolts,*  and  more  recently 
with  wedged  flint  pebbles  (El  Oro  lining).^ 
In  the  El  Oro  lining,  Figs.  422  and  42,;, 
cast-iron  segmental  plates  with  slightly 
dovetailed  projections  are  bolted  to  the 
steel  shell  so  as  to  form  longitudinal  ribs. 
A  tube  loaded  "ivith  pebbles  is  revolved 
for  a  few  minutes  when  pebbles  become 

wedged  into  the  channels  and  form  an  effective  grinding  surface, 
lodged  pebbles  become  quickly  replaced.     Blocks  of  wood  placed  on 

'  Tr.  tnsl.  Min.  ilel.,  1904-05,  xn;  154. 

■  Min.  Sc.  Prcis,  1906,  xcni,  loS  (Baii>),  S34  (McKictcn),  sg4  (Druckcr);  £»(,  Uim 
igii,  xci,  1017  (Quartano). 

*  Kumnla  LJncr,  Eng.  Win.  J.,  1911,  xcrv,  i 
'  Druckcr,  Min.  Sc.  Press,  igo6,  xcin,  594. 
'  MiHV  and  MiHemli,  1906-07,  xxvn,  520; 
JS  (Mnekay);  Enf.  Min.  J.,  1909.  uooml.  6S4  (Rice). 

Sianlcy.  J.  Chim.  Met.  Min.  Soc.  So.  A/r.,  1907-08,  vin,  376;  1 

Button,  Win.  St.  Press.  1906,  xcn,  344. 

CkOtKni,  Tr.  A.  I.  U.  £.,  1906,  xxxvii,  3, 
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•crvkxable  ia  dry-crushing;  they  fail  in  wet-crushing.'  Chilled  castings  have 
been  known  to  last  from  3  to  9  months;  manganese  steel  has  at  times  shown  a 
life  of  15  months  and  again  has  proved  itself  inferior  to  chilled  castings;  silex 
has  been  in  use  as  long  as  3  years,  but  the  average  life  is  much  shorter.*  Tests 
by  Batters*  at  El  Oro  with  a  3o-X4-ft.  tube  gave  white  iron,  i  1/8  in.  thick,  a 
lifetrfj  months;  silex,  7  1/2  in.  thick,  3  months,  and  £1  Oro  pebbles  10  months; 
«ith  a  34-XS-ft.  tube,  white  iron  3  months,  dlex  4  months,  pebbles  10  months, 
lie  El  Ore  lining  appears  to  have  satisfactorily  solved  this  question,  both  as 
ngsrds  expense  and  increased  production.  Other  hnings  are  the  Osborne,* 
Brown,*  Gibson  and  Schillie.' 

The  pebbles  used  for  grinding,  called  Greenland  or  French  flints,  are  flint 
nodules,  i  to  4  in.  in  diam.,  and  are  obtained  from  the  chalks  of  Denmark.^ 
Tbey  contain*  SiOi  87  to  97,1  per  cent.,  (Fe.AI))Oi  0.6  to  13,3  per  cent.,  CaO 
0.13  to  1.9  per  cent.  In  sliming  gold  ore  in  Australia  it  has  been  found  that 
I  lb.  pebble  will  grind  i  ton  sand. 


Davidson  tube  mill. 


fht  wrigfat  of  pebbles  necessary  is  calculated  by  Davidsen  as  IT  =  44  iV  lb., 
with  Jf —internal  volume  of  tube  in  cubic  feet. 

The  power  required  is  large  for  the  amount  of  work  performed.  Davidsen 
estimates  it  for  a  tube  charged  with  pebbles  making  the  r.p.m.  as  figured  on  page 
596,  as  P=o.is  N,  with  ^=intemal  volume  of  tube  in  cubic  feet.  Exper- 
iments* have  shown  that  on  the  whole  the  power  increases  with  the  weight  of  the 
pebbles. 

The  capacity  and  product  are  governed  by  the  character  of  the  ore,  the 
degree  of  preliminary  crushing,  the  rate  of  feeding,  the  weight  of  pebbles,  the 

1  Blown,  Jftn.  Se.  Press,  1906,  xcin,  361. 

'Dowling,  /.  Ckem.  Mel.  Sec.  So.  Afr.,  1906,  vi,  J05. 

•  Uin.  Sc.  Press,  1906,  xcn,  344. 

*E»g.  Urn.  J.,  1910,  xc,  J50. 

■Jir«v  Zealand  Mines  Rec.,  1909,  xn,  396. 

*Eiit-  ^'"^  -f-i  i9*9t  uocxviii,  1183. 

'Thackara,  U.  S.  Consular  Report,  No.  1131,  Jan.  6,  1901. 

Hai,  Eng.  Min.  J..  1903.  Lxxvi,  692. 
*Eckd,  £  C,  "Cements,  Limes  and  Plasters,"  WUey,  New  York,  1905,  p.  465- 
*Foz,  Mines  and  Minerals,  1907-08,  ■xxvm,  537. 
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r.p.m.y  and  in  wet-crushing,  the  amount  of  water,  i.e.,  the  thickness  of  the  pulp, 
which  reaches  50,  but  rarely  60  per  cent.  sand.  The  crushing  power  increases 
up  to  a  certain  point  with  the  weight  of  pebbles  and  of  water,  but  at  a  different 
ratio,  and  then  again  decreases;  the  thicker  the  pulp  the  less  the  wear  on  lining 
and  on  pebbles.^  The  character  of  the  product  is  given  in  screen-analyses  at 
the  end  of  the  section. 

The  Davidsen  Mill,^  Fig.  424,  came  into  the  market  in  Eur(^  in  1895. 
The  tube  is  supported  by  hollow  trunnions.    At  the  feed-end  it  carries  a  large 

« 

spur  wheel  which  meshes  with  a  pinion  driven  by  a  pulley-shaft;  the  same  shaft 
carries  a  step-pulley  for  rotating  the  screw-conveyor,  serving  to  feed  the  charge 
which,  when  ground,  is  discharged  through  openings  at  the  periphery  into  a 
conveying  trough.  The  mill  is  used  mainly  in  dry-grinding  of  cement  clinker. 
Three  sizes  are  made,  of  which  the  leading  facts  are  assembled  in  Table  195. 

Table  195. — Details  of  the  DAvmsEN  Tube-mill 


Number  of  mill 

Lengthy  feet 

Diameter,  feet 

Horse-power 

Revolutions  per  minute 

Weight  per  charge,  pounds 

Capacity,  14-mesh,  raw  cement  material,  tons. 

Capacity,  i8-mesh,  cement  clinker,  tons 

Capacity,  i6-mesh,  coal,  tons 


12 

16 

18 

16 

20 

2C 

4 

5  5 

6.5 

27 

85 

125 

27 

24 

22 

9,000 

17,000 

25,000 

50 

"5 

185 

32 

72 

"5 

48 

no 

170 

5  per  cent.through  loo-mcsh  sieve. 

The  lining  is  of  silex  or  cast-iron.  Silex  lasts  with  raw  cement  material  5  1/2 
years,  with  cement  clinker  3  1/2  years,  with  siliceous  ore  3  to  4  months.  About 
1/2  lb.  silex  is  consumed  per  barrel  of  cement  produced.  The  life  of  i  in.  of 
iron  is  equal  to  about  2  1/2  in.  of  silex.  Some  imperfect  data  of  the  work  of 
the  mill  on  gold  ores  in  South  Africa  have  been  published.' 

The  Abbe  mill,  Figs.  425  and  427,  occupies  a  place  between  the  Davidsen  and 
Krupp  types.  The  tube  runs  on  a  pair  of  tires  supported  by  two  pairs  of  friction 
rollers;  the  driving  gear  is  placed  between  the  tires  which  is  mechanically  better 
than  if  the  spur-wheel  is  placed  at  the  feed-end.  The  distinguishing  charac- 
teristics are  the  manner  of  feeding  and  discharging.  This  is  shown  in  Figs. 
426  and  427,  which  represent  the  ends  of  the  tube  with  outside  plates  removed. 
At  the  feed-end,  the  stationary  cover,  Fig.  425,  has  a  central  opening  with  hopper 
to  receive  the  ore  from  a  chute.  It  is  followed  a  short  distance  inward,  Fig  426, 
by  a  second  plate  revolving  with  the  cylinder  and  having  a  crescent-shaped 
opening,  in  which  the  feed-spiral  is  placed.  The  two  plates  form  the  ore-cham- 
ber.    With  each  revolution  a  certain  amount  of  ore  enters  the  spiral  when  the 

*  Fox,  op.  cit. 

*  Drawings  in  Eckels,  op.  cit.j  p.  461. 
•James,  Afin.  Sc.  PresSj  1909,  xc\'iir,  52. 
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opnuDg  arrives  at  the  bottom,  and  is  gradually  delivered  into  the  central  feed- 
<^)eiimg.    After  two  or  three  revolutions  the  required  ore  is  fed  regularly. 

At  the  discharge-end,  Fig.  437,  are  two  concentric  rows  of  openings ;  the  ground 
pulp  is  discharged  near  the  periphery  into  the  spiral  which  brings  it  to  the  center 
whence  it  is   removed  through  a  pipe.     The  figure  also  shows  a  hand-hole 


Fic.  428. — Knipp  tube  mill. 


through  which  pebbles  can  be  discharged.    These  arc  introduced  at  the  feed- 
end  just  as  is  the  ore. 

The  Krupp  Mill,  Fig.  428,  went  into  operation  about  1895.  The  tube  is 
supported  by  trunnions.  The  feed-end  always  has  a  collar  bearing,  and  the 
disdurge-end  sometimes  a  roller  bearing.    The  common  form  of  drive  is  similar 
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Table  196.— TuBr- 


Locality 


Make 


Lake  View  Cons.  Gold 
Mine,  Western  Austral. 

Lake  View  Cons.  Gold 
Mine,  Western  Austral. 

Golden  Horseshoe 


Telluride,  Colo 

Guanajuato,  Mex 

Colorado  City,  Colo 

Grass  Valley,  Cal 

Grass  Valley,  Cal 

Liberty  Bell,  Cal 

Montana- Tonopah,  Nev. . . 
Peregrina,    Guana  j  u  a  t  o. 

Mex. 
Peregrina,       Guanajuato, 

Mex. 
U.  S.  Reduction  and  Refg. 

Co.,   Colorado   Springs, 

Colo. 


Krupp. 
Krupp. 
Krupp. 


AbM. 
Abb«. 
Abb«. 
Abb«. 
Abb«. 


MUl 


Size, 
feet 


Lining 


Kind 


Life, 
months 


Consump- 
tion, pounds 
per  ton  ore 


16IX  4 
12  X  4 
i6iX   4 


S   X22 

4JX20 
S  X23 
4JX20 
4iX20 


Manganese 
'  'steel    I    in. 
thick. 


Chilled  iron 


Silex. 
Silex. 
Silex. 
Silex. 
Silex. 


Allis-Chalmers. .  . 
Allis-Chalmers .  . . 

Allis-Chalmers  . . 

Steams     Rogers 
Mfg.  Co. 


S   X22 


Silex 

Silex  (El  Oro) 


S   X26      Silex 


S    X22 


Silex. 


10-12 
9 


0.25 


0.25 


o . s-o . 6 


8 
6-7 

6-7 
21-22 


2.4 
6 


0.43 


HoIl^ 
pow« 


30 

30 


47 
30 
46 
20 
16 


40-4S 
69 

75 


(a)  Screen-analyses  are  given  in  Table  197. 
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MILL  Data 


Revolu- 
tions 
per 
minute 


Pebbles 


Charge, 
tons 


Con- 
sump 
tion, 
pounds 
per  ton  ore 


Raw  material 


Kind 


Size, 
mesh 


Capac- 
ity, 
tons 

24  hr. 


Product; 
size, 
mesh 


Reference 


29 
29 
30 


as 

30 

as 
ao 

30 


AS 
3  5 
SO 


14 
8 

II 
8 
6 


I.I 
I .  I 
1.33 


3.0 
IS 


Siliceous  gold  ore 
Siliceous  gold  ore 


Siliceous  gold  ore 


0.03 


Siliceous  gold  ore 
Siliceous  silver  ore 
Siliceous  gold  ore 
Siliceous  gold  ore 
Concentrate 


30 


30 


SO 


14,33  wire 
36 

12 

30 


0.04 


// 


3S 


38 


30-33 


97 
IS 
160 
30 
48 


(a) 
(«) 
(a) 


100 

X30 
100 
ISO 
200 


p.  X3I 


p.  131 


p.  MS 


Allen.  R. 
"West 
Australian 
Metallurgi- 
cal Prac- 
tice." Kal- 
goorlie, 
X906. 
B.  H.  Nutter,  Sup. 
B.  H.  Nutter.  Sup. 
B.  H.  Nutter.  Sup. 
B.  H.  Nutter.  Sup. 
A.  D.  Foote.  Sup. 


3S       I         10 

26  r     3-4" 

below 

< 

38  center 

37.3 


3.29 
1 .2 

1.3 
0.43 


Siliceous  gold  ore 
Quartz  and  clay 

Quartz  and  clay 

Tails  chlorination 
plant. 


20 

10% 
through 

300- 

mesh 
12 


SO 
183 

204 

240 


200(a)  i  E.  A.  Collins,  Sup. 


47% 

B. 

E. 

Mclntire, 

Sup. 

200- 

mesh 

80(a) 

H. 

W. 

Fox, 

Sup. 

to  ihat  of  the  Davidseii  mill.  The  ore  is  introduced  by  a  central "  squirt"'  ltd 
(a  hopper  with  an  elbow-shaped  discharge  pipe  having  a  conical  nozzle andsD 
overflow  pipe)  and  discharged  through  a  hollow  trunnion  at  the  opposite  end. 
The  tubes  are  made  3  ft.  7  in.,  4  ft.  1  in.,  4(1.  7  in.,  5  ft.  i  in.,  and  5  ft.  iiin.b 
diam.,  and  g  ft.  10  in.,  13  ft.  2  in.,  16  ft.  $  in.,  ig  ft.  8  in.,  33  ft.  o  in.,  and  loiL 
3  in.  long,  making  in  all  26  combinations. 

The  Gates  Mill,  made  by  AlUs-Chalmers  Co.,  is  similar  to  the  "Knipp  Mill. 

The  Denver  Engineering  Works  Mill  is  supported  by  trunnions.  Thechir- 
icteristic  feature  is  the  scoop-feed  which  lakes  up,  with  every  revolution,  [mm 
a  tank  or  launder  a  definite  quantity  of  ore  and  delivers  it  through  the  huUuir 
tnmnion  into  the  grinding  chamber,  whence  it  is  centrally  discharged  through 
th«  corresponding  trunnion  at  the  opposite  end.     A  miU  at  the  works  of  tht 


t  \K  S.  Smelting,  Refining  and  Mining  Co.,  Midvale,  Utah,  is  5  fl.  in  diam.  by 

14  (li  I'lnR.  ""^d  with  4  1/2-in.  silex,  which  lasts  12  months.  The  mill  at  !S 
r.p.m.  ri'i|uires  3s  h.p.,  crushes  and  grinds  5.6  tons  per  hr.  table  middlinp 
(lhi^»ltlh  i(i-mesh)  to  a  product  of  which  the  screen-analysis  shows  thai  9  per 
whI-  U  tin  40  mesh,  15  on  60,  ig  on  80,  17  on  100,  20  oq  aoo,  10  through  300, 

Thf  Hiinlliige  Conical  Pebble  Mill,'  Fig,  429,  represents  a  new  departure  io 
tulu'-MilIlinK-  ll  'h  i>  conical  mill  in  which  pebbles  as  well  as  ore  to  be  crushed 
|il«(l(lully  b<'C(in)e  .tortcd  so  that  the  coarse  parts  of  the  ore  are  crushed  by  the 
UiHt'l'  pi'I'I'l'"'  which,  on  account  of  the  greater  peripheral  speed  of  the  deepest 
m\\  lit  I  hi'  drum,  strike  a  heavier  blow  than  thesmaller  ones  near  the  dischargc- 
VHtl.  A  t'  !'■  "'"1  haH  a  capacity  of  about  50  tons  in  14  hr.,  using  about  15  h.p.; 
Aliniit  (v  l"'!"  I'l^iit-  <*'  t^'"-'  P^'P  passes  through  a  100-mesh  screen. 

II  ,,  1 0,  ,1,  /,  M.  /■:.,  i.wS.  >:«c.\,3,i;,  igij,  xlv.  194;  Win.  I 

1/(«,  /mW,,   nil  J,  ^v,  ug;  ling.  Min.  J.,  igio,  XC,  1057. 
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(See  Table  196) 


603 


Screen  mesh 

Lake  View 
Consolidated 

Golden 
Horseshoe 

Liberty  BeU 

Montana 
Tonopah  Mill 

Through 

On 

Feed 

Product 

Feed 

Product 

Feed 

Product 

Under- 
flow 

Over- 
flow 

20 
30 
30 
40 
40 
60 
60 

SO 

60 

80 

100 

100 

100 

3.8 

6.2 

30 

6.00 

0.50 

30 

SI-2 

0.2 

30 
30 
40 

8.00 

1. 00 

43.6 

4.03 

1.87 

18.8 

0.6 

10. 0 

3.7 

I.O 

60 

24  05 

16.71 

II. 2 

7  3 

i-S 

50 
60 

52.0 

46.0 

21.2 

80 

8.93 

10.64 

31 

II. 9 

2.7 

4.0 

100 

100 

ISO 
200 
200 

19-85 

21.37 

9.2 

10.8 

89.2 

100 

16.2 

27.5 

ISO 
200 

15-18 
13.96 

22.95 
24.96 

5S 
'  233 

35 
36.0 

II. 6 

66.0 

A  table  by  S.  F.  Shaw^  gives  details  of  the  tube-mills  of  some  modern  cyanide 
plants  in  the  U.  S.  and  Mexico. 

Table  198  by  H.  W.  Fox  gives  the  results  of  experiments  carried  on  at  the 
works  of  the  U.  S.  Reduction  and  Refining  Co.,  Colorado  Springs,  ColcJ.,  to 
obtain  data  for  the  relation  existing  between  per  cent,  of  ore  and  solution 
fed,  voliune  of  pebbles  used,  horse-power  consumed,  and  character  of  product 
obtained.  The  tube-mill  used  was  one  made  by  the  Stearns  Roger  Mfg.  Co. 
of  Denver,  given  in  Table  196. 

272.  Grinding  Pans  and  Tube-mills. — ^The  question  whether  grinding  pans 
or  tube-mills  are  to  be  preferred  for  sliming  ores  has  not  yet  been  settled.  In 
Australia  mill  men  prefer  the  pan,  in  the  United  States  the  tube.  Tests 
by  Nicholson  and  Butt^  and  by  King'  favor  the  pan;  the  Homestake  Mill, 
Table  185,  has  abandoned  them.  Other  data  are  those  of  Wainwright-McBride,* 
Denny*  and  Cobbe-Middeton.®    See  §268. 

I  Tr.  A,  /.  M.  £.,  Bull.  31,  July,  1909,  p.  531;  Min.  Ind.,  1909,  xviii,  742. 

*  London  Min.  /.,  1905,  lxxviii,  244. 

*  New  Zealand  Mines  Record,  1905,  ix,  227. 

*  Tr.  Austral.  Inst.  Min.  Eng.,  1909,  xiii,  38. 
*Proc.  So.  Afr.  Assn.  Eng.,  1905-06,  xi,  280. 
*lf*ff.  Mag.,  ,1909,  I,  213. 


6o4 


GENERAL  METALLURGY 


Table  198. — Relation  between  Per  Cent.  Ore  and  Solution,  Fineness  01  Gmkdkc, 

AND  Horse-power 

Screen- ANALYSIS  of  Sand  Fed  to  Tube-mills,  12  Ft.  Long,  5  Ft.  Diam. 


On  20  ; 

1 

On  30 

On  40 

On  60 

On  80 

On  100 

On  120 

On  150 

Through 
150 

6.0 

20.0 

24.0 

23.0 

II. 0 

8.0 

4.0 

2.0 

2.0 

Variable  Pebble  Volume,  Fixed  Ore  and  Solution 

IVunds 


0»ooo 
g>ooo 

li.OOO 

18,000 
ig.ooo 
^0,000 

JI.CXXJ 
.»i,CXX3 

.\<.ooo 
<.>4,ooo 

J5iOOO 
if>,ooo 
J  J, 000 


On  60    On  100 


I 


42. S 

46.  S 
42.0 

32.0 

29.0 

18.0 

3  5 
4.0 

9.0 

6«o 

6.0 

6.0 

30 

4.0 

30 
S-o 

8.0 


On  150 


Through 
150 


Per  cent, 
ore 


Per  cent, 
solution 


Tons  ore 
per  24  hr. 


27.5 

23s 
26.0 

32.0 

30.0 

36.0 

29.0 

28.0 

32.0 

30.0 

29.0 

30.0 

27.0 

26.0 

26.0 

28.0 

330 


8.0 
8.0 
8.0 
12.0 
14.0 
12.0 
16.0 

13  o 
ISO 

13s 
IS  o 
14.0 
16.0 

13  o 
14.0 

IS  o 
14.0 


22.0 
22.0 
24.0 
24.0 
27.0 
34.0 

SI. 5 
SS-O 

44.0 

SOS 
So.o 

So.o 

S40 

S7.0 

S7.0 

S2.0 

4SO 


63.72 
70.17 
74.29 
60.00 

6S.38 
66.67 

66.67 

66.67 

71.88 

71.88 

71.88 

70.37 
70.96 

68.18 

66.67 

70.00 

68.00 


36.28 
29.83 

2S-7I 
40.00 
34.62 

33  33 

33-33 

33  33 
28.12 

28.12 

28.12 

29.63 

29.04 

31  82 

33  33 
30.00 

32.00 


172 
172 
172 
172 
172 
172 
172 
172 
172 
172 
172 
172 
172 
172 
172 
172 
172 


Indicated 
ho^s^ 
power 


i8.g 
20.37 

22-5 

32.16 

3913 
43.88 

47.16 

51-45 
56.28 
60.1 

6539 

77.18 

68.61 
69.68 

7504 
68.6 

64.85 


Variable  Ore  and  Solution,  Fixed  Pebble  Volume 


Pounds 


JO, 000 
JO, 000 

Jil,(K>0 

JO, 000 

J||,1HK) 


JU,II<M) 


JM.I  l<  XI 


Jii,u(«0 


Feed 


3" 

3" 

3i" 

3i" 

4" 

4" 

4i" 

4l" 

Tons  ore 

per 

24  hr. 


172 
172 
190 
190 
216 
216 
231 
231 


On 

60 


On 
100 


On 

ISO 


Through 
ISO 


Per  cent, 
ore 


Per  cent, 
solution 


7.0 

32.0 

13  0 

13  0 

3S  0 

II. 0 

12. S 

36.0 

10. 0 

14.0 

34.0 

12.0 

16.0 

340 

14.0 

14.0 

36.0 

16.0 

26.0 

38.0 

II  .0 

30.0 

30.0 

10. 0 

48.0 

64.71 

3S.  29 

S6 

4 

41.0 

66.67 

33-33 

54 

28 

41. S 

71  OS 

28.9s 

SI 

6 

40.0 

67.86 

32.14 

54 

8 

36.0 

68.18 

31-82 

53 

2 

340 

69.70 

30.30 

49 

4 

30.0 

66.67 

33  33 

47 

S 

30.0 

72.22 

27.78 

43 

5 

Ind. 
horst- 
power 
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Vamiable  Solution,  Fixed  Pebble  Voi-uue  and  Oke  Feed 


PMKdl 

p.bbla 

f«] 

ToDion 
per  n  be. 

lion  pa 
34  hr. 

On 

On         On 

Through 

Per  tern. 

Pit  cent. 

N 

m 

,000 

MM 
OOO 

000 

OOO 
OOO 

I7> 

9t 
196 

36  0 
34.0 

Ij 

46 

4« 
4« 

71.43 

65,67 
6s  )0 

63.78 

4X40 
3>.I>0 

30,44 

34.  So 
36, 1 J 

30  30 
30  J6 

14  60 
6t.I0 

*t 

58 

S6 

Si 

*  • 

273,  Impact  Pulverizers. — The  leading  types  of  machines  of  this  class  areJ 
disintegrators  and  hammer  crushers.  To  the  former  belong  the  Carr  (Sled*  J 
man),  to  the  latter  the  Jeffrey,  Williams,  and  Aero  machines. 


Total  weight  15.0tO.IU. 

K«lgMovor>USy 
EilremowldtliSr 
C»eo  b»r«  IJi'dlMUOlM 


4 


Fir..  430. — CairorSledmao  dtsinlegrator. 

The  Carr  orStedman  Disintegrator. '^In  Fig.  430  is  a  horizontal  revolv- 
ing shaft  carrying  a  circular  cast-iron  plate  to  which  is  attached  one  set  of  bars 
(10,  Js  in.  long)  forming  a  cage;  the  ends  of  these  are  connected  with  an  annular 
plate  carrying  a  second  set  of  bars  (15.125  in.  long)  also  forming  a  cage.  The 
horizontal  shaft  to  the  right,  revolving  in  the  opposite  direction,  carries  a  single 

1  Enf.  Min.  J.,  1S94,  LViii,  ijg,  see  also  page  igS. 
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cast-iron  disc  with  two  sets  of  bars  (13.135  and  i7.ia5  in.  long)  fwmii^c^es. 

Brittle  material,  such  as  coal  or  clay,  fed  tlirougb  the  hopper  into  the  center  is 
struck  by  the  bars  of  the  inner  e^e, 
broken  and  thrown  outward;  it  meets  the 
bars  of  the  second  cage  revolving  m  tht 
opposite  direction  which  disintegnte  the 
partly  broken  material  with  double  the 
energy;  it  finally  passes  through  cages j 
,  and  4  when  the  dry  pulp  is  collected  \tj 
the  housing,  and  is  dischaiged  at  the 
bottom.  A  stationary  bar,  Fig.  4jt, 
reaching  into  the  cage  breaks  up  lumps 
and  prevents  the  fine  material  fioni 
banking  up.  The  sted  bars  in  the  cages 
o  1.75  in.  in  diam.  The  fineness 
of  the  product  is  governed  by  the  speed 

of  revolution.     Details  of  the  Stedman  machine  for  crushing  coal  and  day 

are  given  in  Table  199. 


Fig.  431 


—Section  of  Carr  o 
diuntegretor. 


Stedman 


Table  199- 

'The  Stedhan  Disintegsatos 

Diameter,  inches 

pcr 
minute 

Horse-power 

Capacity  in  10  hr. 

Coal,  tons 

CUy 

36 

600-700 
500-550 

12-iS 

I  1 5-30 
40-60 

lOO-IlJ 

Clay  for  30,000  brii- 

1 7^^.00 

Clay  tor  30,000  bricl 

35'>'400 
500 

SO 

433. — Jeffrey  swing  hammer. 
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FlC.  433-— Jeffrey  swing  hi 


The  Jeffrey   Swing  Hammer,J 
Figs.  43a  and  433,  is  intended  fot  ■ 
crushing  brittle  material  to  me-rj 
dium  sizes.    In  an  iron  casing  with  1 
hood  and  feed-opening,  solid  sides.  J 
and  grated  bottom,  is  revolved  the  I 
main  shaft  carrying  five  4-armed  \ 
spiders  with  openings  at  the  ends  I 
for  steel  bolts  on  which  are  hinged 
six  swing  arms  having  a  free  arc 
movement  of  120°.    The  driving 
shaft  which  makes  from  700  to 
1.500  r.p.m,  causes  the  arms  to 
swing  out and  strike  blows  upon  the 
coal  which,  when  sufficiently  fine,  4 
passes  through  the  grated  bottom.  1 
Table  200  gives  the  leading  data, 
V  Swing  Haiuiek 


sue,  inehra 

Material  crushed 

Grating  1 

distance. 
Inches 

Finished  material 

"r 

Rev. 

Spider 

Aim 

Kind 

Tons 

hour 

Pet  cent. 

Through 
mesh 

18 
30 

4a 
36 

9 
IS 
3<> 
30 
48 

Soft  brick 

Hard  brick.... 
Vitreous  brick. 

Culm 

Bit.  coal 

i 
3 

so 

40 
so 

so 

100 

>4 
16 
16 

iin. 

iin. 

i 

So 





ft 


Fig.  4j4. — Willianu  hinged-hammer  crusher. 


GENERAL  METALLURGY 

The  Williams  Hinged-hammer  Crusher,  Figs.  434  and  435,  represents  a  lypt 
of  machine  intended  for  fine-crushing;  the  work  is  similar  to  that  of  the  JeSrey 
machine.  The  machine  is  made  in  eight  different  sizes.  Of  these  No.  3  may 
serve  as  example,  as  it  is  the  one  most  frequently  used.  It  occupies  a  floor- 
space  7  ft.  10  in.  by  6  ft.  8  in.,  weighs  6  tons,  makes  i,qoo  r.p.m.  and  requira 
35  to  40  h.p.  Its  capacity  varies  with  the  material  to  be  treated  and  the  tiie 
to  which  this  is  to  be  reduced.  The  following  e.^amples  give  a  general  idea  of 
the  work  that  the  machine  is  doing. 


P 


Fic.  43S.— Wiliiams  hinged-hammer  crusher. 


Table  sdi.— Wokk  of  the  Wiluaits  HmG£D-RAUitER  CRtfsSEB 


i 


Materia!  treated 

Sheot 

opening  in 

cage 

Capacity,  Ions 
per  hour 

Screen-AMlyas 
Per  cent.     Thrwigh 
moil 

•Mn. 

lo-mesh 

ifi-mesh 
:io-mesh 

:: 

j',  in. 

3.6 
99 
9' 

8-9 

8-to 

S-6 

8-10 

6 
4 

:■■■::::::;::::» 

LEmtstone  lor  cement  works'..  . 

1  81.^5  thnu^ig 
93.00  through  40 

87.50  Ihtough  60 
g8,44  through  30 
96.87  through  40 
1,53-75  through  &o 

'  Other  data'  fur  shale  and  limestone  ate  given  i 
Pbaters,"  Wiley,  New  York,  1905,  p.  467. 


Eckels,  E.  C, 
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The  Aero  Pulverizer  is  used  mainly  to  reduce  coal  to  dust  which  is  to  be  burnt 
is  reverberatory  clinkering  or  smelting  furnaces.     As  seen  in  Fig.  436,  it  consists 

cf  four  communicating  chambers  with  increasing  diameters  in  which  revolve  arms 

attached  to  a  central  shaft.    The  whole  is  enclosed  in  a  single  steel  cylinder  with 

a  feed-opening  at  one  end  and  a 

discharge  at  the  other.     In  three 

cf  the    chambers   the   arms,    of 

lengths  to  fit  the  diameters,  carry 

minganese-steel     beaters    which 

pulverize  the  coal,   fed  into  the 

smillest  chamber,  their  power  be- 
comes greater  as  the  peripheral 

speed   of   the   beaters    increases 

Tilh  the  diameters  of  the  cham- 
bers. In  the  fourth  chamber  is  a 
fan  with  wrought-iron  blades 
nhich  draws  the  coal  dust  through 
the  chambers  and  delivers  it  into 
the  pipe  leading  to  the  furnace  to 
be  heated.  At  the  feed-end  the 
amount  of  coal  and  air  entering  the  pulverizer  are  regulated,  and  between  the 
third  grin  ding -chamber  and  fan-chamber  is  an  auxiliary  air-inlet  controlled  by 
a  damper  to  admit  additional  air  to  the  fuel  dust  with  which  it  is  thus  inli- 
nialcly  mi-vcd.  The  machine  is  direct -connected  with  an  electric  motor.  The 
standard  sizes  are  the  following  given  in  Table  202. 

Table  202.— The  Amo  Pulveki7eh 


Fig.  436. — Aero  pul' 


Wright, 

Height, 

FIooT'Space, 

pounds 

inches 

inches 

1,800 

^a 

e.lx^ji 

3>S°° 

3Si 

niXig 

4,ioo 

sn 

78JX>9 

4.400 

44* 

783  Xjg 

S,6oo 

46i 

07X33 

Normal  capacity 

bit.  coal,  pounds 

per  hour 


The  paddles,  of  manganese  steel,  last  about  tour  months,  in  which  time 
they  have  pulverized  about  3,000  tons  of  coal  to  a  dust  of  which  92  to  93  per 
«nt.  passes  a  loo-mesh  sieve. 

At  the  works  of  the  Pennsylvania   Steel  Co.,  Lebanon,  Pa.,  Fig.  437, 
pulverizer,  type  D,  requiring  30  h.p.,  was  used,  which  pulverized  2,000  lb.  of 
bituminous  coal  per  hr.  to  be  burnt  in  a  nodulizing  furnace;  the  coal  fed  con- 
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tained  2  to  3  per  cent.  HjO;  80  per  cent,  of  the  dust  passed  through  a  loo-mesh 
sieve.  This  pulverizer  has  been  replaced  b^  the  Fuller-Lehigh  Pulverizer  Mill, 
274.  Classification  in  General. — ^The  pulp  from  gold-  and  silver-mills  con- 
tains sands,  generally  not  coarser  than  lo-mesh,  and  slime.  The  particles  are 
therefore  too  small  (<o.38mm.)  to  be  satisfactorily  sized  b^  screening,  and  have 
to  be  classified  by  sorting.  The  usual  aim  of  classifying  is  to  separate  sand 
from  slime  by  the  sorting  action  of  a  cur- 
rent of  water;  classification  of  sand  is 
sometimes  extended  further  so  as  to 
separate  quick-settling  sulphide  from  slow- 
settling  gangue.  The  free-settling  of  min- 
erals from  battery-pulp,  say  20-niesh  {0,69 
mm.)  down  to  loo-mesh  (0.13  mm.) 
grains,  is  governed  by  the  specific  gravity, 
size  and  shape  of  the  individual  particles. 
A  heavy  or  large  mineral  settles  more 
quickly  than  one  that  is  light  or  small, 
but  a  small  particle  of  high  specific  gravity 
may  settle  at  an  equal  rate  with  a  large 
one  of  low  specific  gravity;  further,  a 
round  grain  settles  faster  than  one  that  is 
long  and  narrow,  and  this  faster  than  one 
that  is  flat.    Fig.  438  represents  the  rate 
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Fk;.  438.^C;riphical  representation 

of  free-sclLling, 


Fig.  4J7. — Aero  pulverizer  equipment  at  tlie 
nodulizing  furnaces  of  the  Pennsylvania  Steel 
Co.,  Lebanon,  Pa. 

of  free-settling  of  the  lour  minerals,  quartz  specific  gravity  2.64,  galena  7.59, 
arscnopyritc  5.63,  and  blende  4.05, within  the  range  of  sizes  given  above.  Of 
the  equal-sized  minerals  the  heavy  galena  sinks  the  deepest;  then  follow 
arscnopyritc,  blende,  and  the  light  quartz.  The  distances  the  minerals  have 
fallen  in  unit  time  are  equal  to  the  velocities  of  rising  currents  that  will  just 
lUt  them.  Thus  grains  above  g  will  be  lifted  by  a  current  of  velocity  ag,  above 
f  by  one  of  the  velocity  af.    With  a  rising  current  of  the  velocity  af  that  part 
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of  the  sulphide  lying  below  line  /  may  be  separated  from  a  mixture  of  quartz 
and  sulphide;  currents  weaker  than  af  will  give  sorted  products  consisting  of 
cxaiser  qtiartz  and  finer  sulphide  which  have  to  be  cleaned  by  separate  treat- 
ment   The  velocity  of  a  rising  current  sufficient^  just  to  lift  a  mineral  is 

expressed  by  F=C\/Z?(i— i),  in  which  F=  velocity  in  mm.  per  sec,  D  = 
diam.  in  mm.,  i=  specific  gravity  of  grain,  C=  constant  which  is  87  for 
quartz  and  100  for  galena.  With  sizes  finer  than  0.13  mm.  for  galena  or  0.20 
sun.  for  quartz,  roughly  finer  than  loo-mesh,  the  rate  of  settling  of  particles 
is  influenced,  in  addition  to  diameter  and  specific  gravity  of-grains,  by  the 
colloidal  state  of  some  of  the  pulp*  and  the  viscosity  of  the  water.  This 
changes  the  above  formula  to  V  =  K(J^i)D^;  the  values  of  the  constant  K 
are  424  for  quartz  and  631  for  galena.' 

Classifiers  are  of  two  kinds:  box  classifiers  in  which  the  velocity  of  the  stream 
carrying  the  suspended  grains  is  simply  retarded  to  allow  the  particles  to  settle, 
and  hydraulic  classifiers  in  which 
the  sorting  is  assisted  by  one  or 
more  currents  of  dear  (hydraulic) 
^ater  rising  from  below  into  the 
flowing  stream.  In  works  the 
latter  are  installed  before  the 
iomier. 

275.  Hydraulic  Classifiers. — 
The  hydraulic  classifier  consists  of 
one  or  more  sorting  columns, 
visually  inverted  four-sided  pyra- 
mids or  cones,  into  which  the 
pulp  is  fed  at  the  top,  and  the 
hydraulic  water,  coming  from  a 
pressure-box,  is  introduced  at  the  apex  through  a  suitable  vertical  tube.  The 
sand  settling  in  the  vessel  is  met  by  a  rising  current  of  water  and  sorted;  the 
keavy  particles  sink  through  the  column,  the  lighter  ones  overflow  into  the 
next  vessel  where  the  process  is  repeated  by  a  rising  current  of  less  velocity, 
and  so  on  until  the  limit  has  been  reached  with  a  size  of  0.15  to  o.io  mm., 
when  the  overflowing  slime  passes  off  to  box  classifiers.  The  sorted  sands  are 
then  ready  for  further  treatment.  Perfect  sorting  is  impossible,  as  the  rising 
of  the  water  and  the  falling  of  the  grain  are  only  approximately  uniform. 

The  Gates  Classifier,  Figs.  439  and  441,  is  a  V-shaped  box  ^4 , 6  ft.  long,  18  in. 
^e  at  the  top  and  4  in.  at  the  bottom,  12  in.  deep,  with  sides  sloping  60°. 
lie  discharge-pocket  5,  with  vertical  sides  and  with  ends  sloping  60°,  is  4  in. 
^e  and  30  in.  long.    The  sorting  column.    Fig.   441,   consists  of   a   pipe 

'Richards,  Tr,  A,  I,  M,  £.,  1907,  xxxviii,  235. 

*  Ashley,  Tr.  A,  L  M.  E.,  1910,  xli,  380. 

'Sharwood,  "Measurement  of  Pulp  and  Tailing,"  Min,  Mag.,  1909,  i,  227,  297. 

Young,  "Method  of  Testing  Slime,"  op,  cU.^  1910,  in,  133. 

Hyder,  "Estimation  of  Pulp  from  its  Specific  Gravity,"  Proc.  Colo.  Sc.  See,  i^io.'Ql,  ^^•\. 


Fig.  439. — Gates  classifier. 
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2  1/3  in.  diam.  and  8  in.  long;  it  has  at  the  lower  end  a  rubber  stopper  D  with 
wooden  nipple  E  and  iron  jet  F;  through  the  top  passes  vertical  pipe  G  for  hy- 
draulic water.  It  is  closed  at  the  bottom  and  has  eight  rows  of  radial  holes. 
The  pulp  is  received  in  box  H,  Fig.  439,  perforated  in  part  by  i/8-in. 
holes  to  distribute  the  current  and  to  hold  back  coarse  particles;  the  tailings 
overflow  through  split  launder  /.  At  the  plant  of  the  Kennedy  Mining  and 
Milling  Co.,  Jackson,  Amador  Co.,  Cal.,  four  classifiers  treat  in  24  br.,  93  tons 
of  tailings  from  Frue  vanners,  and  furnish  70  per  cent,  under- 
flow or  spigot  product  which  goes  to  waste  and  30  per  cent, 
overflow  which  goes  to  canvas  tables.  The  tailings  carry  134.64 
gal.  of  water  per  min.  The  hydraulic  water  required  is  1/4  or 
33.66  gal.;  the  spigot  discharges  11.2a  gal.  per  min.,  and  the 
u>L<=>  uuaiuEi.  gygf^Q^  157.08  gal.  water. 

Another  form  of  V-shaped  hydraulic  classifier,  working  on  the  same  principle 
as  the  Gates  apparatus,  is  shown  in  plan  and  vertical  section'  in  Figs.  442  and 
443.  It  consists  of  three  inverted  pyramidal  wooden  boxes  connected  with  each 
other  in  a  series  in  which  the  preceding  box  is  always  smaller  and  shallower  than 
the  following.  Each  box  has  a  baffle-board  to  deflect  downward  the  inflowing 
pulp,  and  a  perfectly  level  overflow;  it  has  also  a  water-inlet  and  spigot-outlet 
controlled  by  dial-cocks,  the  water  being  supplied  by  a  single  main.  The  pulp 
upon  entering  the  smallest  box  drops  Its  heaviest  grains.  These 
sink  through  the  rising  current  of  water  and  pass  ofi  through 
the  spigot  while  the  overflow  enters  the  next  box.  Here  its 
velocity  is  retarded  by  the  larger  area  of  the  box,  and  results  in  ^"Z 
the  falling  out  of  the  next-heavier  grains  which  are  met  by  a 
weaker  current  of  hydraulic  water.  The  same  process  goes  on  in 
the  third  box,  when  the  leaving  stream  holds  in  suspension  flne 
particles  (slime)  which  can  be  settled  only  by  means  of  a  box 
classifier. 

The  Allis-Chalmers  Cone  Hydraulic  Classifier  is  shown  in 
Figs.  444  to  446.  Fig.  444  represents  the  single-cone  classifier. 
It  consists  of  a  sheet-iron  cone  with  cast-iron  spigot -outlet. 
The  characteristic  feature  of  the  apparatus  is  the  central  sub- 
level  feed  and  peripheral  overflow-launder.  The  suspended  cates  classifier, 
material  is  delivered  below  the  surface  of  the  water  and  has 
to  rise  in  a  current  the  velocity  of  which  is  retarded  as  the  area  of  the  vessel 
increases.  Since  a  more  efficient  settling  of  particles  is  obtained  in  this  way, 
conical  classifiers  with  central  sub-level  inlets  are  replacing  the  older  forms. 
Figs.  445  and  446  represent  three  conical  classifiers  connected  in  series  in  the 
same  manner  as  the  three  V-shaped  apparatus  discussed  above. 
The  Merrill  Classifier*  resembles  the  one  first  discussed. 

'  Allis-Chalmers  Co.,  BuU.  No.  1434,  Sept.,  1908. 

'Enf.Min.J.,  igag,  ixxxvn,  SoS;  Tr.  A.  I.  M.  E.,  igo4,xxxrv.  s&5;Tr.  Insl.  Uin.  Mel., 
191 1-13,  XXI,  3;  Min. Eng.  World,  I9i2,xxxvu,  1090  (Clark- Shar wood);  Chen.  Met.  Min. Soc. 
So.  Afr.,  igto-ii.xi,  313  (Smart). 
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Figs.  443  and  443. — Three- compartment  V-shaped  hydraulic  clas^fier. 

The  Richards  Shallow-pocket  Vortex  Ctassifier(  Figs.  447  and  449). — This 

ouattsof  a  shallow  rectangular  trough  e  with  four  pockets  b  and  adjustable  gates 

<  above  the  pockets.    The  hydraulic  water,  admitted  at  A,  receives  a  whirling 

iBotion  before  entering  the  sorting  column 

i  by  being  made  to  pass  through  the  vor- 

tei/;  its  helical  path  prevents  the  forma- 

(■an  of  stray  downward  and  upward  cur- 

n&ts  which  carry  light  grains  into   the 

spigot  and  heavy  ones  into  the  overflow. 

Fins  w  and  x  stop  the  whirling  motion 
bdow  the  vortex  /  and  at  the  top  of  the 
sorting  column  d;  the  spigot-discharge  is 
lig.  This  classifier  will  handle,  in  24  hr., 
ibout  60  tons  of  dry  material  that  has 
passed  a  round  hole  ^/rd  in.  in  diam.,  con- 
sisting of  about  75  per  cent,  quartz  and  35  per  cent,  pyrite,  and  forms  a  pulp  of 
10  parts  water  to  i  of  solid. 

The  Dorr  Classifier,'  Fig.  450,  is  not  a  classifier  in  the  usually  accepted  mean- 
'  £h|.  Mim.  J.,  iQt  1,  xcii,  S46  (Improved  (orm). 


Fic.  444. — AlUs-Cbtdraers  singie-i 
hydraulic  classifier. 
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:ecs.  lirhongfi  it  jinis  to  separate  sands  from  slimes.  It  doc  llis 
:iie  -min  io  on  incrnfri  plane  against  a  slight  current  of  irata,  iridt 
i^  :acxd.  j^way  by  cfie  feed-water  and  some  added  wash-wua.  It 


.VJl^-ObIidbb  thne-cone  hydraulic  classifier. 


.::i:'j.;r  :;:>.:ii:c-i  :  ;  '  trough,  closed  at  the  lower  and  open  at 
Ain.h  ;-\-  ■  --■■•prF-.riritiy  rakes,  each  with  24  transverse  blade, 
a."«;  4;;ac3e'i  :o  longitudinal  rods,  and  these  are  suspemW 


Richards  shallow-pocket  v 


\l(s  supplied  with  rollers.  When  raking  sand  up  the  slope,  the 
Idwcr  stationary  tracks;  when  returning  above  the  sand,  they 
wliidi  fall  behind  them.    The  sand  meets  in  its  upward  travel 
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floor  spray-pipes,  which  wash  oS  adhering  slime,  and  after  passing  them  is  raked 
irith  some  water  (23  to  37  per  cent.)  into  the  sand-discharge  launder;  the  tail- 
ings overflow  at  the  lower  end  into  the  slime-discharge  launder.  At  Terry, 
Black  Hills,  S-  ^-t  ore  crushed  with  four  parts  alkaline  cyanide  solution  through 
a  20-mesh  screen  gives  pulp  of  which  60  per  cent,  is  finer  than  loo-mesh;  the 
dassifier  doubles  the  rate  of  leaching  for  the  sands,  and  reduces  the  material 
coarser  than  soomesh  from  25  to  s  per  cent.  At  the  Be  Lamar  works,  Idaho, 
50  tons  of  30-mesh  material  from  a  Chile  mill  with  6  parts  solution  :  i  part 
solid  ore  (1907)  were  treated  in  34  hr. ;  the  30  per  cent,  sand  recovered  retains  i 


-cx"-t>n^''^^ 


Fig.  450. — Dorr  classifier. 

per  cent,  slime,  and  of  the  70  per  cent,  slime-overflow  25  pc  cent,  is  granular,  of 
•hich  95  per  cent,  passes  a  loo-mesh  sieve.  At  Real  del  Mont£  y  Pachuca^  the 
(^usifier  furnishes  the  tube-mills  with  sands,  which  are  not  free  from  slime, 
containing  45  per  cent,  water,  at  the  rate  of  150  to.  200  tons  in  24  hr.  if  the 
*ater-jets  are  not  used;  or  75  tons  free  from  slimewhen  the  jets  are  in  operation. 
The  Esperanza  Drag  Classifier  at  El  Oro,*  the  Nichols  Separator  Tank,'  and 
4e  Forbes*  are  similar  in  principle.  The  Nahl  apparatus'  discharges  slime 
intermittently. 

376.  Box  Classifiers. — A  box  classifier  usually  has  the  same  general  form  as 
tbe  hydraulic  classifier  only  the  hydraulic  water  is  omitted,  and  the  discharge  of 
the  settled  material  is  arranged  differently.  From  a  horizontal  stream  of  pulp 
pissing  over  a  box  filled  with  water,  the  particles  will  settle  out  according  to 
the  principles  of  free-settling  given  above;  particles  having  a  stronger  settling 
power  will  fall  out  before  those  having  a  weaker.  If  the  current  passes  over 
a  series  of  boxes,  of  which  the  following  one  is  in  each  case  wider  than  the 
preceding  one,  a  series  of  products  will  be  obtained  that  are  graded  from  coarse 
to  fine.  The  process  may  be  carried  so  far  as  simply  to  thicken  the  pulp  that 
it  may  be  l^andled  economically,  or  the  aim  of  the  operation  may  be  to  clarify 

'  Rke,  Eng.  Min.  J.,  1908,  ucxxvi,  650. 

'  Of.  cU.,  760. 

'Wilson,  Mints  and  Minings,  1908,  xxix,  61. 

•  Tt.  a.  I.  M.  E.,  1912,  XLHi,  471. 

* Emi.  Min.  J~,  ipii,  xci,  312. 
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the  water.    The  Rittinger  spitzkasten,  the  Callow  tank  and  the  Dott  tiudnt 
may  sen~e  as  examples. 

The  Rittinger  Spitzkasten,  represented  diagrammatically  in  Figs.  451  w 


Fic.  45'— Rittinger  Spitzkasten. 


Fio.  453.— Callow  tank. 


iibUu  of  four  V-shaped  boxes  connected  in  series  so  that  the  preced 
*o  iiilo  the  following.  The  boxes  are  so  constructed  that  the  widtt 
ImiiIiIu  tliut  uf  its  predecessor,  and  that  the  length  increases  by  an  ari 
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metical  progression.  Thus  the  widths  of  the  four  boxes  are,  e.g.,  j,  4,  S  and  16 
ft.,  and  the  corresponding  lengths  6,9,12  and  1 5  ft.  The  sides  slope  50°  or  over 
from  the  horizontal,  as  an  angle  of  less  than  45°  causes  banks  to  form;  the  bottom 
of  the  feed-launder  at  the  junction  with  the  box  and  the  overflow  are  on  the 
same  level;  the  slope  of  the  feed-launder  shows  a  range  of  5°  to  10°.  The  dis- 
charge of  the  slime  is  eflected  by  a  goose-neck ;  the  outlet  of  this  rising  discharge, 
having  an  internal  diameter  of  1/4  to  3/4  in.,  is  3  to  3  t/i  ft.  below  the  surface 
of  the  water  for  the  first  spigot,  and  2  to  a  1/2  ft.  for  the  last.  A  launder  needs 
a  section  of  5  in.  sq.  for  each  cu.  ft.  of  pulp  passing  through  it  per  min. 

The  Callow  Tank,'  Figs,  453  and  454,  is  a  conical  .settling  tank  with  vertical 
central  feed,  peripheral  overflow  and  goose-neck  discharge.     The  tank,  of  No.  ( 


steel  plate,  has  an  angle  of  60°  and  is  8  ft.  in  dium.;  the  current  of  pulp  from  the 
main  launder  is  broken  by  feed-box  3,  directed  by  cone  4  into  feed-pipe  2, 
which  is  1 2  in.  in  diam.  and  reaches  i  j  in.  into  the  water;  the  overflow-rim  is  made 
of  rubber  belling  and  delivers  into  the  rim-launder  which  is  4  1/2  in.  wide  and 
deep;  the  goose-neck,  of  i  1/4-in.  hose  and  pipe,  b  reduced  at  the  tip  to  3/8  in. 
and  discharges  1 2  to  1 6  in.  below  the  water-level  in  the  tank ;  it  has  a  gate-valve 
7  for  shutting  off  the  flow  and  a  globe-valve  8  for  admitting  pressure- water  to 
clear  the  passage  in  case  of  necessity.  The  tank  weighs  650  lb.  and  costs  $75. 
At  Butte,  Mont.,  a  tank  receives  per  min.  30  gal.  pulp  carrying  40  g.  solids  per 
gal.  (1.06  per  cent,)  and  delivers  an  overflow  with  3  or  4  g.  solids  per  gal.  (prac- 
'  Utah  Miring  Mathincry  and  Supply  Co.,  Sail  l.ate  City,  '  *.,  1004,  l,  461. 
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tically  clear  water  and  an  underflow  with  300  g.  solids  per  gal.  (8  per  cent.). 
The  settling  ratio  is  therefore  9.3  :  i,  and  the  capacity  2  tons  in  24  hr.  This 
tank  is  not  used  in  series  as  is  the  spitzkasten.  The  size  of  tank  is  varied  to 
suit  the  conditions  of  the  work  to  be  done,  be  they  separation  of  slime  from  fine 
sand,  or  water  from  slime  and  fine  sand,  or  thickening  of  slime.  The  discharge 
can  be  continuous  or  intermittent. 

The  Dorr  Continuous  Thickener,*  as  seen  in  Fig.  455,  is  a  flat-bottom  tank  in 
the  center  of  which  is  suspended  vertically  a  slowly  rotating  shaft  carrying 
radial  arms  at  its  lower  end.  To  the  lower  sides  of  these  are  fastened  ^ort 
pieces  of  angle  iron  at  such  an  angle  that  when  the  shaft  rotates  the  settled 
material  is  gradually  moved  toward  the  discharge-opening  in  the  center  of  the 
tank-    The  shaft  can  be  raised  and  lowered  while  running.    The  thin  slime 


Fig.  455. — Dorr  continuous  thickener. 

flows  into  the  tank  near  the  center  just  below  the  surface  so  as  to  cause  no  agita- 
tion; the  thickened  slime  is  discharged  at  the  center  either  intermittently  or 
continuously,  and  the  clear  water  overflows  at  the  periphery  continuously.  A 
tank  3i  ft,  diam.,  10  ft.  deep,  requires  0.14  h.p.  while  running.  At  the  Liberty 
Bell  Gold  Mine,  Colo.,  5  to  5.5  tons  solution  to  i  ton  ore  are  thickened  to  2.5  tons 
solution  toi  tonore,theshaftmaking4.8rev.  per  hr.;  at  the  San  Rafael  mUl  4.5 
sq.  ft.  settling  area  furnish  in  24  hr.  i  ton  thickened  slime  (75  per  cent.  <2oo- 
mesh,  45.5  percent,  solids);  at  the  Mogul  mill,  8  to  10  sq.  ft.  per  ton  thickened 
slime  (98  per  cent.  <aoo-mesh,  30  to  40  per  cent,  solids);  at  the  Liberty  Bell 
the  figures  are  7.1  sq.  ft.  per  ton  with  29.5  per  cent,  solids;  at  the  Homestake 
King,  12.6  sq.  ft.  per- ton  with  57  per  cent,  solids.  The  Forbes  apparatus*  is 
similar  in  principle.     The  Lamb  thickener*  has  a  slightly  conical  bottom. 

277.  Computation  of  Classifiers. — The  computation  of  classifiers  is  based 
primarily  upon  the  specific  gravities  of  ore-particles  and  upon  their  rates  of 

'  .Ifr'nfs  and  Mincrah.  ip09,  x\x,  79. 
'7>.  .1.  /.  .1/.  IL,  iQij.XLlll,  47'. 
>£nj.  Mitt.J.,  1911, xcn,  1190. 
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settling  in  stilt  water.     For  any  specific  case  the  tonnage  of  pulp  to  be  treated  ] 
in  24  hr,  including  the  percentage  of  solids  in  the  pulp  must  be  known.    Ol 
the  solids  the  specific  gravity  and  complete  screen  analysis  will  have  to  be  ' 
determined.    Thus,  e.g.,  the  feed  of  a  Richards  shallow-pocket  hydraulic 
classifier,  Figs.  447   and  449,   may   contain  particles    ranging   from  2.5  mm, 
down  to  the  finest  slime  {o  mm.);  the  classifier  has  four  pockets,  the  sands 
are  conveniently  grouped  as  2.50  to  1.75,  1.75  to  1.15,  1.15  to  0.625,  and  0.625 
to  0.15  mm.,  while  the  overflow  vill  retain  particles  0.25  to  o  mm.  which  will 
go  into  settlers.     In  these  (Figs.  451  and  452),  provided  a  solid  current  of  pulp 
issecured.it  is  necessary  to  allow  the  timerequiredfora  traveling  particle  of  any 
desired  size  to  settle  from  the  top  to  the  bottom  of  the  tank  before  it  reaches 
the  overflow-end.     Details  of  such  calculations  lead  beyond  the  scope  of  this  I 
book.     The  reader  is  referred  to  the  work  of  R.  H,  Richards,' 

278.  Concentrating  Apparatus.^The  apparatus  used  for  concentrating  the 
pulp  from  gold  and  silver  mills  may  be  divided  into  two  classes,  that  which 
treats  the  pulp,  i.e.,  sand  and  sUme,  as  it  comes  from  the  mill,  and  that  which 
treats  slime  alone.    The  three  leading  machines  of  the  first  class  are  the  Frue 
i-anner,  Johnston  and  Triumph  concentrators,  all  endless-belt  machines,  and 
the  Wilfley  Table,  a  jerking  machine.    Theoretically  these  machines  do  belter 
work  with  classified  than  unclassified  pulp  in  most  gold  and  silver  mills.    The 
difficulties  of  obtaining  a  uniform  feed  of  classified  material  have  been  the  cause  *  1 
of  the  unclassified  pulp  being  treated  directly,  to  separate  heavy  sulphtcTe  from  ,1 
tailing,  and  then  to  classify  the  tailing  into  sand,  which  may  be  waste  or  not,    I 
and  slime,  which  is  usually  valuable  and  treated  on  slime-tables,  the  leading  . 
one  being  the  canvas  table. 

Continuous  slime-tables  which  do  excellent  work  have  so  far  been  neglected, 
probably  on  account  of  the  care  they  demand.  Since  the  advent  of  leaching 
with  potassium  cyanide,  the  recovery  of  sulphides  from  slimes  has  lost  some  <jf 
its  former  importance. 

The  Fbue  vanner,  Figs.  456  to  45S,  is  an  endless  rubber  belt,  E,  with  J 
flanges  on  the  sides,  that  travels  up  a  gentle  slope  on  horizontal  transverse  1 
rollers,  D,  mounted  on  a  wooden  frame,  F,  that  is  shaken  sidcwise  and  causes  1 
the  belt  to  vibrate  at  right  angles  to  the  direction  in  which  it  travels.    The  ^ 
liquid  pulp  fed  with  water,  at  i,  near  the  head  of  the  belt  is  separated  in  its 
downward  flow  into  a  concentrate  which  clings  to  the  belt  and  passes  over  the 
head-rolls,  A  j.    The  tailing  is  discharged  over  the  tail-roller, /I  i.     Two  longitud- 
inal timbers,  G,  and  three  cross- timbers,  -Y,  form  the  main  frame  which  is 
supported  by  four  posts,  3,  mortised  into  two  heavy  cross-sills.     Its  slope  can 
be  regulated  by  wedges,  13.    The  two  longitudinal  timbers  each  carry  four 
adjustable  toggle-blocks,  b,  for  toggles.  A',  which  are  bolted  to  the  shaking- 
frame,  F,  and  form  the  support  of  the  water  distributor,  r;  one  of  the  timbers 
carries  the  hanger,  S,  for  the  worm-wheel,  L.     The  cross- timbers,  X,  carry  the 
adjustable  boxes  for  the  crankshaft,  //;  the  middle  cross-timber  has  a  lug,  14,  at 

'  "Ore-drrasing,"  iQoj-igog,  (our  volumes;  "Tcit-book   on   nrp-dtcssing," 
volume;  both  McGiaw-HiU  Buok  Co.,  New  York, 


itlier  cud  for  the  guide-bolts,  V,  attached  by  lugs,  17,  to  I 
ider  to  ^ve  it  longitudinal  stability.  The  bolts  holding  1 
E>  bold  the  boies  for  the  tail-roller,  At.  The  shaking-frame 
,  \,  is  made  of  two  longitudinal  timbers  and  five  crc 


mA  Kv  »'riw»bolts.  The  longitudinal  timbers  carry  at  the 
W^w*  ,  I ,  itiul  .1 1  tor  the  head-  and  tail-rollers.  Near  the  c 
li..»i  Ittnn.  t»"il  ihoii,  hungers,  P,  the  dipping  roller, 
,,,»,.,   ( ',     'I'hc  IMwItlon  oi  the  lalLei  is  controlled  by  hand-a 
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mounted  the  adjustable  boxes  of  the  twelve  rollers,  D,  which  support  the  belt, 

£;  eight  of  them  are  set  12  in.  apart,  and  the  upper  four  at  a  shorter  distance. 

All  rollers  are  of  galvanized  iron.    The  belt,  E,  of  two-ply  rubber,  is  usually  4, 

but  sometimes  6  ft.  wide;  the  working  plane  is  12  ft.  long;  the  flange  i  1/8  in. 

high,  the  surface  smooth  or  corrugated  by  V-shaped  grooves  running  crosswise. 

The  angle  of  the  V  is  60®  and  the  width  of  the  groove  small,  1/32  in.-f .    A 

smooth  belt  gives  a  clean  concentrate;  a  corrugated  belt  a  clean  tailing.    The 

slope  of  the  belt  traveling  on  the  three  or  four  upper  rollers  near  the  head  (the 

cleaning  plane)  is  greater  than  that  of  the  rest  of  the  belt  (concentrating  plane) ; 

with  smooth  belts  the  diflference  is  1/2  in.,  with  corrugated  belts  3/4  in. 

The  feed-distributor,  i,  is  attached  to  the  shaking-frame  by  .slotted  bolts 
in  order  to  permit  adjustment  of  height  and  slope.  The  pulp  is  delivered  to 
box  x8,  the  bottom  of  which  may  be  covered  with  an  amalgamated  copper 
plate  to  catch  any  stray  amalgam  as  it  passes  by  the  distributing  blocks,  19, 
into  the  sheet-iron  gutter,  20,  and  thence  through  1/4-in.  holes  i  in.  apart  upon 
the  belt  just  at  the  intersection  of  the  cleaning  and  concentrating  planes.  The 
cast-iron  water-distributor,  2,  is  carried  by  posts  on  the  main  frame,  G,  and  can 
be  leveled  by  lock-nuts.  The  wash-water  arriving  through  pipe,  6,  and  regulated 
by  the  cock,  5,  is  distributed  by  six  small  brass  spouts,  i  1/2  in.  apart.  The 
motive  power  is  received  by  pulley,  /,  on  the  main  shaft,  H.  The  side-move- 
ment of  the  shaking-frame,  F,  with  a  throw  of  i  in.  is  obtained  through  cranks, 
O,  connecting  rods,  R,  and  bolts,  T]  the  travel  of  the  belt  through  cone-pulley, 
/,  flanged  pulley,  W,  worm-shaft,  K,  worm,  Z,  and  worm-wheel,  L.  The  latter  is 
connected  by  crank  21  and  spiral-spring  connecting  rod,  Jf,  to  head-roller.  A; 
the  speed  of  the  belt  is  regulated  by  hand-screw,  m,  which  causes  pulley,  W, 
to  move  to  and  fro  on  a  spline.  The  shaft,  K,  is  suspended  by  hanger,  Y;  this 
can  be  revolved  sufficiently  by  hand-stop  screw,  a,  to  raise  pulley,  W,  from  its 
belt  and  thus  stop  the  travel  of  the  rubber  belt  while  the  shaking  of  the  frame 
continues. 

Supposing  the  machine  to  be  in  motion,  wash-water  to  have  been  turned  on 
through  5,  and  pulp  admitted  into  18,  the  belt,  which  moves  upward  slowly,  will 
be  covered  uniformly  with  pulp  0.15  to  0.20  in.  deep,  but  varying  in  composi- 
tion from  concentrate  at  the  upper  to  tailing  at  the  lower  end.  The  tailing 
flowing  over  tail-roller,  A2,  is  delivered  on  to  apron,  24,  and  collected  in  launder 
8;  the  pulp  becomes  richer  along  the  concentrating  plane  until  it  has  been  changed 
into  a  concentrate  on  the  cleaning  plane  beyond  the  pulp  distributor,  i.  The 
concentrate,  which  is  allowed  to  retain  4  to  5  per  cent,  gangue,  adheres  to  the 
belt  and  is  removed  by  the  belt  dipping  into  tank  4,  with  drip-  and  overflow 
launders  9  and  7.  It  is  also  cleansed  below  and  above  with  spray-water  from 
the  jets  of  pipes,  22  and  23;  the  belt  now  passes  over  tightening-roller,  C,  and 
returns  beneath  tail-roller,  A  2- 

In  operating  a  vann^r  the  following  points  have  to  be  considered: 

(i)  The  pulp  must  have  the  right  degree  of  concentration.  Coming  direct 
from  a  gold  or  silver  mill,  it  is  usually  sufficiently  dilute;  therefore  the  less 
wash-water  is  used  the  better.     An  excess  of  water  makes  clean  heads  and  rich 
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tailings;  with  a  lack,  the  reverse  is  the  case.     Theamount  of  vaterfedpai 
Kv  the  pulp  on  a  4-ft.  belt  is  3  to  5  gal.     The  wash-water  used  is  i  to  3  giL;i 
jnilp  contains  about  30  per  cent,  dry  material.    It  is  essential  that  all  puts 
the  ore  be  covered  with  water,  to  prevent  uncovered  parts  from  floring injr 
with  the  tailings. 

{2)  The  number  of  vibrations  of  a  plane  belt,  with  a  throw  of  i  in.,biSo(a 
jooper  min.     If  the  number  is  greater,  the  throw  must  be  smaller  and  nawra. 

(.0  The  travel  of  a  smooth  belt  is  24  to  36  in.  per  min.;  that  ofaconugibd 
belt  is  faster. 

(4)  The  slope  of  a  smooth  belt  is  3  to  6  in.  per  12  ft.,  that  of  a  cornigitcd 
belt  2  to  3  in.  more. 

(5)  Travel,  slope.and  pulp-water  are  interdependent;  a  steep  slope  DRdi 
li  high  speed  of  travel,  a  gentle  slope  a  slow  speed;  a  large  quantity  of  Katei 
needs  a  gentle  slope  and  a  high  speed. 

The  capacity  of  a  4-ft.  vanncr  per  24  hr.  is  4  to  6  tons  of  ore  in  battery-pulp 
that  will  pass  a  50-mesh  sieve,  and  6  to  8  tons  if  it  is  a  little  coarser;  henct  1 
.S-Htanip  battery  usually  has  two  vanners.  The  power  required  is  1/4  to  i/i 
h.p.     One  man  watches  eight  vanners. 


Fic.  459.^ — Johnston  \i 


The  Johnston  Concentrator,'  Fig.  459,  is  a  side-shake  belt-machine. 
The  shaking- frame,  i,  is  cast-iron  and  is  hung  from  suspension  links,  3,  not 
paralkl  to  one  another,  instead  of  being  of  wood  aftd  supported  by  toggles  as  in 
the  Friie  vanncr.  This  makes  the  frame  stronger  and  gives  it  a  slightly 
unihiliiling  motion,  and  thus  overcomes  the  tendency  to  bank  up  pulp  at 
llif  i'iIki'S,  characteristic  for  the  toggle-supported  frame.  Some  differences  in 
del  ail  f  mm  the  Fruc  \anner  are,  that  the  stationary  frame  consists  of  four  hollow 
1  ii^t  irciii  jiosls,  3,  boltt'd  to  two  cross-sills  which  are  held  by  adjustable  tie-rods, 
1  Ills  makes  the  bottom  of  the  machine  readily  accessible  and  gives  stability  to 
llic  .slnnlure.  The  feci l-distribu tor  has  slots  (1/4  in.  wide,  la  in.  long,  10  in. 
•i|i.irlj  nniiiinf^  parallel  to  the  edge  of  the  belt  for  distributing  the  pulp  when  this 

'  Nih'liiM  trui'  Works.  San  Francisco,  Cal. 
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lus  passed  the  distributing-blocks  placed  in  rows  10  in.  apart.  The  shaft  of  the 
flanged  pulley,  15,  serves  to  shift,  by  means  of  a  hand-screw,  the  cone-pulley 
(to).  The  driving  eccentrics,  9,  are  differently  placed.  The  positions  of  the 
dipping-  and  tightening-rollers  are  changed,  and  with  the  former  the  position  of 
the  tank  for  receiving  the  concentrates. 

The  belt  is  6  ft.  wide  and  the  working  plane  12  ft.  loi^;  it  receives  izo  shakes 
per  min.;  treats  ii  to  15  tons  of  ore  in  24  hr.,  i.e.,  one  machine  is  sujScient  for 
tlie  pulp  of  a  5-stamp  battery;  and  it  requires  r/a  h.p. 

The  Trujmph  Concentrator,  Fig.  460,  is  an  end-shake  belt-machine, »'.«., 
one  which  vibrates  parallel  to  the  direction  in  which  the  belt  travels.  The 
different  parts  are:  i,  iron  main-frame;  2,  iron  shaking-frame;  3,  ten  wooden 
toggles;  4,  two  connecting-rods  for  shaking  motion  and  endwise  stability,-  5, 


Fic.  460. — Triumph 


two  rods  for  sidewise  stability;  6,  head-roller;  7,  tail-roller;  8,  dipping-roller; 
Q,  tightening-roller;  10,  twelve  belt-supporting  rollers;  11,  power-pulley  with 
shaft  and  eccentrics;  1 2,  friction  disc  for  imparting  motion  to  belt  through  pulley 
13,  worm  14,  gear  15,  and  pinion  and  gear  16;  17,  pulp  distributor;  18,  wash- 
water  distributor;  19  and  20,  tanks  for  concentrates;  21,  semicircular  piece 
for  rai^ng  and  lowering  tightening  roller;  22,  hand-screw  and  23  arm  for  mov- 
ing friction-pulley  13  from  or  toward  center  of  disc  13,  and  thus  decreasing  or 
increasing  the  belt  travel;  24,  longitudinal  timbers  for  support  of  main  frame. 

An  end-shake  vanner  almost  entirely  avoids  the  formation  of  banks  and 
gutters  at  the  edge  of  the  belt;  it  is  better  suited  tor  fine  pulp  and  makes  cleaner 
tailings  on  coarse  pulp  than  does  the  toggle-supported  side-shake  machine,  but 
the  concentrates  are  not  as  clean.  Unclean  fme  concentrates  arc  often  cleaned 
on  end-shake  machines. 

The  number  of  shakes  per  min.  is  about  230,  but  the  throw  is  less  than  i  in. ; 
the  travel  is  3  to  4  ft.  per  min.,  the  capacity  3  to  4  tons  of  fine  ore  in  24  hr.; 
1/3  h.p.  is  common  in  California. 
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The  Wiuley  Table,'  Figs.  461  to  464,  is  a  trapezoidal  inclined  end-jak 
table  with  a  surface  partly  covered  by  riffles.  Its  motion  has  two  efiects,  one 
agitating  which  separates  into  layers  the  hea\-y  and  light  grains  of  the  pulp 
fed  near  the  mechanism -end,  and  one  Jerking  which  throws  them  toward  iht 


concentrate-end.  The  lighter  grains  rise  to  the  surface  and  are  carried  Aon 
the  slope  toward  the  middling-  and  tailing-side  by  the  surface-water,  whilt 
the  heavier  grains  held  back  by  the  longitudinal  tapering  riffles  travel  slowly 
toward  the  concentr;tte-end,  and,  coming  to  the  plane-surface,  are  cleaned  u^ 


Wilfley  table,  motion.' 


Tbi 


sorted  by  wash-water  fed  on  the  upper  side  near  the  concentrate-end. 
middling  product  is  returned  to  the  machine  by  a  sand-wheel. 

The  leading  parts  to  be  considered  arc  the  foundation,  til  ting-frame,  tabU, 
feed,  elevator,  and  then  the  motion  and  work.     The  foundation  consists  nt  * 


> Richards.  Tr.  A.l.M.  £.,  1907,5 


I,  556",  iqo8,x»cix,  303. 
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Avy  timber  11X16  in.  and  15  ft.  long  bolted  to  three  wooden  supports  which 
«  anchored  in  concrete  to  prevent  any  vibration.  The  tilting-frame  (not 
kown),  varies  the  slope  of  the  table  with  which  it  is  connected  by  four  toggles. 
:  rests  with  four  rockers  on  two  iron  chairs  that  are  bolted  to  the  timber;  a 
and-wheel  near  the  end  of  the  table  regulates  its  slope  and  with  it  that  of  the 
ible. 

feeosifcE 


uiODurta      ■    TWLiNo 

peuVERV  SIDE 
Fig.  463.— Wilfley  table,  top. 

The  table,  Fig.  463  top  and  464  bottom,  consists  of  a  light  wooden  frame 
rtiich  is  covered  by  narrow  strips  of  redwood  screwed  on  diagonally.  The 
cover  is  strengthened  on  the  lower  side  by  longitudinal  iron-covered  wooden  ribs 
that  arc  fortified  by  transverse  rods;  the  top  is  covered  with  linoleum  which 
carries  46  tapering  riffle-cleats  of  sugar  pine.  At  the  mechanism-end  these  are 
i/i  in.  high  and  1/4  in.  wide  and  taper  down  to  a  feather-edge.  Their  length 
iiaeases  from  the  feed-aide  to  the  concentrate-end;  thus  at  the  feed-side  the 
top  cleat  is  4  ft.  long  and  at  the  discharge-side  it  extends  the  length  of  the  table. 


Fig.  464.— Wilfley  table,  bottom. 

le  feed  of  pulp  and  wash-water  comes  through  a  perforated  launder,  4  ft.  loi^;, 
liat  is  attached  to  the  table  and  has  a  partition  to  deliver  the  pulp  above  the 
)p  riffle  and  the  water  the  remaining  length.  The  water  for  cleaning  the  con- 
intrates  arrives  through  a  separate  launder  or  spray-pipe.  The  middlings- 
evator  13  a  sand-wheel  which  returns  this  intermediary  product  through  a 
vugb  to  the  feed-box.  While  true  middlings  will  not  be  improved  by  re- 
"catment  on  the  same  machine,  the  usual  middlings  contain  a  slight  amoui^t 
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of  tailings  and  concentrates  and  are  thus  cleaned.  Another  object  of  returning 
the  small  quantity  of  middlings  generally  made  is  to  keep  the  table  fully  loaded 
and  to  thus  correct  irregularities  in  the  feeding. 

The  machine  is  belt-driven.  The  motion,  as  shown  in  Fig.  462,  is  imparted 
to  the  table  through  pitman  P,  toggle  A ,  connected  with  the  table  through 
yoke  Z?,  and  toggle  By  connected  with  abutment  C,  that  rests  in  a  sliding- 
piece  Fy  and  can  be  raised  and  lowered  by  hand-wheel  G.  The  spring,  £, 
takes  up  any  lost  motion.  The  jerking  motion  is  obtained  by  the  action  of 
the  toggles,  as  the  movement  is  quickest  when  they  diverge  most  from  a 
straight  line,  and  slowest  when  they  are  nearest  a  straight  line.  Thus  the 
table  has  the  greatest  velocity  at  one  end  of  the  path  of  the  pitman,  and  the 
smallest  at  the  other.  The  strength  of  jerk  is  regulated  by  the  position  of  the 
abutment  C,  by  means  of  which  the  divergence  of  the  toggles  can  be  changed. 
The  sand- wheel  is  driven  from  a  counter-shaft  which  is  rotated  slowly  by  spur- 
wheel  transmission  from  the  pulley-shaft.  In  operating,  the  pulp  has  a  thick- 
ness of  bed  corresponding  to  10  to  20  grains  maximum  size,  imagined  to  be  one 
on  top  of  the  other,  which  reaches  from  the  mechanism-end  to  a  distance  of  15  to 
30  in.  from  the  riffles  and  then  gradually  thins  out  to  the  thickness  of  simple 
grain  on  the  riffle-free  part  of  the  table.  Thus  on  the  riffled  or  roughing  plane 
the  heavy  mineral  is  separated  from  the  light.  On  the  riffle-free  or  cleaning 
plane  the  single  heavy  minerals  cling  more  closely  to  the  linoleum  than  does  the 
remaining  gangue  which  now  is  slowly  removed.  The  table  weighs  2,800 lb., 
makes  240  to  250  jerks  per  min.,  requires  5  to  20  gal.  wash-water  per  min., 
treats  20  to  24  tons  of  ore  in  24  hr.,  and  requires  1/2  h.p. 

Canvas  Tables.^ — -These  are  inclined  (i  1/2  in  :i  ft.)  rectangular  wooden 
tables  covered  with  canvas  (cotton  duck), which  work  intermittently;  they  are 
fed  automatically  with  pulp  until  charged  (in  about  i  hr.),  then  water-washed 
by  hand  to  clean  the  concentrate,  and  lastly  swept  or  preferably  hosed  to  remove 
the  finished  product.    The  pulp  fed  evenly  at  the  head  flows  over  the  table; 
the  films  of  descending  water  roll  the  larger  particles  of  gangue  (quartz)  down- 
ward faster  than  the  smaller  ones  of  sulphide  which  are  held  by  the  rough  sur- 
face of  the  canvas;  the  waste  and  concentrate  are  collected  in  separate  launders; 
the   concentrates  are  further  cleaned,  preferably  on  a  steep-slope  end-shake 
vaiiiuT.     As  in  canvas  the  warp  projects  higher  than  the  woof,  it  is  advisable  to 
|)l;u*t*  a  piece  with  warp  running  crosswise  over  the  table;  on  account  of  the 
narrowness  and  length  of  the  table,  the  opposite  is  not  uncommon.     The  Gates 
( \invas  Table,-  used  by  the  Kennedy  Mining  and  Milling  Co.,  Jackson,  Amador 
Co.,  Cal.,  is  represented  in  Figs.  465  to  468.     There  are  two  rows  of  13  tables 
which  treat  the  overllow  from  four  Gates  classifiers  (Figs.  439  and  441);  two 
of  the  tahirs  are  so-called  extra  tables  (see  below).     The  pulp  passes  through 
I  hi*  ilislrihutin^  troughs,   enters  the  distributors  (four  only  are  sho\ni),  and 
spreads  ov(T  the  tables.     A  distributor  has  a  small  dam  perforated  by  holes,  2 in. 

'  Mnim.,    Min.  World,  loii.  \\\rv,  5S1,  6S1,  783. 

M.Mlin,  Miu.  Si.,  1011.  i.\i\',  -v^. 
"  lliih  lniis«»M,  \fin.  .SV.  l*n'ss,  1890,  Lxxiii,  277. 
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to  correct  any  irregularities  of  flow.     A  table  is  i:  ft.  wide,  lo  ft.  long 
ality  19  ft.  sq.,  but   2  ft.  are  covered  by  the  distributor),  and  slopes 


Figs.  4O6  and  467. — Gales 


in.  :  I  ft.  A  single  piece  of  No.  6  duck  is  laid  on  the  tabic  with  warp 
ise;  it  lasts  eight  months,  but  every  4  to  6  weeks  it  is  moved  up  a  short 
ce  to  change  its  position  in  relation  to  the  joints  oC  the  bQa-^A^  ■«fe\'Ai. 
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wear  out  the  duck.  At  the  end  each  table  has  a  tilting  tail-board  to  direct  the 
concentrate  into  a  central  launder  and  the  tailing  into  lateral  lairndo^.  The 
attendant  makes  the  round  of  the  tables  once  an  hour;  he  switches  the  feed  from 
two  regular  tables  on  to  two  extra  tables,  turns  on  water  to  remove  some  of  the 
tailing,  turns  the  tail-board,  washes  the  concentrate  into  its  launder  with  a 

flat,  broom-shaped  jet,  tilts  the  tail-board 
back  to  its  original  position  and  shifts  bad 
the  feed;  he  then  repeats  these  operations 
with  the  next  pair  of  regular  tables.  The 
26  tables  treat  30  tons  pulp  (dry  weight) 

Fic^l^GateslI^  table.        ^^^^^  *^-^S  m  Au  per  ton,  yield  2  tm 

concentrate  worth  $30  per  ton  to  be  con- 
centrated on  an  end-shake  vanner  to  1,000  lb.  sulphide  worth  $100  per  ton. 
Other  recent  examples  are  the  tables  at  the  Central  Mill  of  the  North  Star  Co., 
Cal.,^  Goldfield,  Nev.,^  and  the  Giant  Mine,  Rhodesia.*  The  Darrow-Hambric 
Table  with  revolving  feed  has  been  described  by  Martin.* 

279.  Briquetting  in  General.^ — Briquetting  of  coal  was  discussed  in  §108  to 

^  Wolcott,  Eng.  Min,  /.,  1909,  Lxxxvii,  439. 

*  Kirby,  Eng.  Min.  /.,  191 2,  xcrv,  207. 

*  Cooke,  /.  Chem.  Met.  Min.  Soc.  So.  AJr.^  1908,  dc,  152;  London  Min.  /.,  1909,  iJaDCV,366. 

*  Eng,  Min,  /.,  191 2,  xciv,  542. 

'  Franke,  G.,  "Handbuch  der  Brikettbereitung,"  Enke,  Stuttgart,  1910,  VoL  n. 
Iron  Ore.  General:  Louis,  Cass.  Mag.^  1905,  lxxv,  1098;  Colby,  J,  I,  and  St.  /.,  1906, 
III,  369;  Weiskopf,  Stahl  u.  Eisen^  1904,  xxiv,  275;  Wedding,  op.,cit.f  1906,  xxvi,  276;  Gennan 
Commission,  op.  cit.j  1908,  xxvni,  321,  1909,  xxix,  240  (Goebel);  Elbers,  Am.  Mfr.,  1904, 
Lxxiv,  731;  1905,  LXXV,  19;  Mould,  Iron  Tr.  /?«;.,  Oct.  23,  1902,  p.  45;  Vogel,  Tr.  A.l.U. 
E.y  1912,  XLiii,  381;  Landis,  op.  cit.,  375;  Franke,  StaM  u.  Eisen,  1910,  xxx,  1060, 1340  (Ven- 
ator); 1341  (Tiglcr).     White,  Iron  Age^  191 1,  lxxxvii,  374  (Specifications). 

Grondal  Method:  Magnuson,  Oest.  Zt.  Berg.  Uuttenw.,  1903,  Li,  180  (Plant  of  Pitkiiranta); 
Hansell,  Iron  Age,  191 1,  Lxxx\'ii,  611  (Sydoranger) ;  Woodbridge,  1911,  xcn,  261;  Kroupa, 
op.  cit.f  1904,  Lii,  589;  Louis,  /.  /.  and  St.  /.,  1904,  i,  40;  Zeidler,  Stahl  u.  Eisen,  1905,  xx\'. 
321  (Plant  of  Kertsch);  Weiskopf,  op.  cit.,  1906,  xxvi,  78;  Grondal,  op.  cil.,  1908,  xxvm,  1194; 
1911,  XXXI,  537,  1097;  Bennie,  FJectrochcm.  Met.  Ind.,  1907,  v,  135;  Franckc,  GlUch  Ault 
1908,  XLiv,  141 7,  1453;  Seventeenth  Ann,  Rep.,  Bureau  of  Mines  of  Ontario;  Johannscn,  Jcm- 
koni.  Ann.,  1908,  p.  400;  Hansell, /row  Tr.  Rev.,  1909,  xuv,  364;  Tr.  A.  I.  M.  E.,  i9i2,XLiii, 

394. 

Others:    Bumby,  West  Scotland  Inst.,  1901-02,  ix,  147;  Edison,  Iron  Age,  Oct.  28, 1897, 

p.  7;  Hale,  op.  cit.,  Dec.  11,  1902,  p.  8;  Ronay,  op.  cit.,  1905,  lxxv,  1098;  Ruthenberg, /f(W  Tf. 

'   Kev.,  Sept.  14,  1905,  p.  19;  Bennie,  /.  Can.  Min.  Inst.,  1907,  x,  261;  Schumacher  Process,  Tr. 

A.  I.  M.  E.,  1912,  xliii,  387  (Richards);  Iron  Age,  1910,  Lxxxvi,  1330;  Schwartz,  /.  /.  aiti 

Si.  /.,  1910,  II,  9;  Auzies,  Rev,  Met.,  191 2,  ix,  35;  Ronay  Process,  Iron  Age,  1910,  ixxxvi, 

i.< .^o;   Weiss  Process,  Holzhiiter,  Stahl  u.  Eisen,  1911,  xxxi,  1539;  Iron  Age,  1911,  Lxxxvffl, 

11K5;  Rev.  Mft.,  191 2,  DC,  44;  Hale  Process,  Iron  Age,  Dec.  11,  1902,  p.  8  (CaCU+NaiCOi) 

Nodulizing:  Witte  Stahl  u.  Eisen,  i9io,xxx,  755  (Fernie  Works);  /ron  Age,  igio.LJCXXVi, 
sn.\;  Maker  and  WoUe,  Met.  Chem.  Eng.,  1911,  ex,  607;  Little,  Iron  Age,  191 1,  Lxxxvm,  586 
( Miiyari) ;  Editor,  Iron  Age,  1905,  Lxxvi,  583;  Colby,  /.  /.  and  St.  /.,  1906,  m,  358;  Heberidn, 
MItthi  u.  Eisftt,  iQi3,xxxi,  244. 

DwiKhl  Lloyd:  Gayley,  Tr.  A.  I.  M.  E.,  1911,  XLii,  180;  Eng.  Min.  /.,  i^ii,  Xcn,  50» 
J I  ■>;  Iron  A^r,  igi  2,  i.xxxix,  73  (Birdsboro,  Pa.);  Klugh,  Tr.  A.  I.  M.  E.,  1912,  XLin,  364. 

NoN-KiMKous  Okks,  General:  Hofman,  i/tn . /n^.,  1892  to  date,  under ''Lead";  Hofpaan, 
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iii;  here  will  be  treated  the  briquctting  of  other  finely-divided  material, 
and  metal  scrap,  that  it  may  be  better  suited  for  treatment  in  coarse-ore  roi 
ing  and  in  blast-  and  cupola- furnaces. 

a8o.  Briquetting  Ore. — The  raw  material  is  finely-divided  ore  (Mesabi  hei 
atite,  purple  ore),  concentrate  (magnetite,  pyrile,  etc.),  or  flue  dusttoUecti 
in  various  pyrometallurgical  operations.  The  mode  of  operating,  which  in  thft 
first  place  must  be  cheap,  depends  upon  the  use  or  omission  of  a  binding-mate- 
rial, which,  in  turn,  is  governed  by  the  character  of  the  raw  material  and  the 
destination  of  the  briquette;  the  two  together  furnish  the  means  of  deciding 
upon  the  apparatus.  A  briquette  should  be  porous  so  that  gases  can  act  chem- 
ically upon  it,  but  at  the  same  time  strong  that  it  may  not  be  disintegrated  by 
atmospheric  conditions  when  stored,  or  by  compression,  attrition,  water-vapor 
and  heat  to  which  it  may  be  exposed  in  a  furnace. 

aSi.  Briquetting  Ore  without  Binder. — There  are  some  ores  which  have 
binding  properties,  such  as  certain  argillaceous  iron  ores,  "blue  billy,"  which 
retains  some  Na!S04,  and  many  slimes  from  concentrating  plants  or  gold  and 
silver  mills.  Their  treatment  is  the  same  as  that  of  a  non-binding  ore  to  which 
a  binder  has  been  added.  With  non-binding  ores  compression  has  been  tried, 
but  upon  heating,  the  briquette  falls  to  pieces;  the  only  practicable  method  is 
that  of  sintering  or  fusing.  Here  it  is  convenient  to  distinguish  between  non- 
ferrous  and  ferrous  ores. 

Non-ferrous  ores  are  frequently  smelted  in  reverberatory  furnaces  where  tl 
fine  state  of  division  does  no  harm.  Readily  fusible  oxide  ores  that  are  to  be 
smelted  in  the  blast-furnace  have  been  agglomerated  and  even  fused  in  special 
reverberatory  furnaces,  but  the  operation  is  expensive  and  may  even  be  carried 
on  at  a  loss  in  case  the  melal  is  volatile,  as  with  lead  ores;  it  has  therefore 
become  obsolete  and  has  been  replaced  by  briquetting  with  a  binder.  The  same 
holds  good  for  sulphide  ores  that  are  to  be  smelted  raw  in  the  blast-furnace. 
With  sulphide  ores  that  have  to  be  roasted  the  finishing  temperature  is  some- 
times carried  to  the  frit  ting-point,  as  is  the  case  with  some  lead  oresand  mattes. 
But  here  the  modem  process  of  blast -roast  ing  (S176)  has  already  replaced  to  a 
large  extent  sintering  and  fusing  furnaces  and  promises  to  extend  its  field  of 
usefulness.  | 

Of  the  many  processes  and  apparatus  proposed  for  sintering  oxide  iron  ore, 'J 
three  have  so  far  shown  vitality:  the  Grdndal  for  magnetic  oxide,  the  Nodulizing 
and  Dwight-Lloyd  for  oxides  in  general.  The  difficulty  met  in  sintering  is  the 
maintenance  of  a  correct  temperature,  as  with  magnetite  the  difference  in  heat 
between  sintering  and  fusing  is  200  to  250°  C.,'  with  purple  ore  150",  and  with 
flue  dust  only  100°,     If  the  temperature  is  too  low,  the  ore  comes  out  raw;  if 

"Melullurgy  of  Lead,"  iSgg,  p.  jQ8;Schon,  Eng.Min.J.,  1901,  txxtv,  6731  Irwin,  Eng.  Mat., 
i^i-oi,  XXII,  8B9. 

Metal  SCBAP.  Ronay,  Bran  World,  :9ii,vii,  4i;Siepkc.Af<l(iU«r(ie,  19 ti,  DC,  ii3;Mol- 
denke.  Foundry,  1911,  xxxvm,  »78;  Lcyde,  StaU  u.  Risen,  1909,  xxw,  tSSi;  Leber,  op.  eU., 
■910,  XXX,  1759;  MMSCTSchmilt,  op.  cU.,  p.  3063;  Sehoemann,  ep.  HI.,  iqii,  xxxi,  1045, 

Wedding,  SiaU  u.  Eiiitt,  1906,  xxvi,  77. 
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too  high  it  is  fused,  and  fusion  injures  the  furnace  as  well  as  the  product  In 
the  treatment  of  FesO»  which  just  begins  to  sinter  at  1,375"  C.'  andfusesat 
1,560°  C.*,being  in  part  decomposed,  a  reducii^;  agent  has  to  be  added  tothe 
charge  to  change  some  of  the  FejOj  into  FeiO*  which  melts  at  1,527°  C;  furtha 
it  may  be  necessary  to  add  some  fluxing  material,  but  usually  the  ore  amtaJm 
sufficient  gangue  to  form  some  silicate  or  ferrite  which  will  assist  in  stidiug 
together  the  single  particles. 

The  GrOndal  Process  at  HerrXng,  Sweden. — Magnetite  concentrates 
(Fe,0*,  88.74;  FeiOj,  1.34;  MnO,  0.65;  MgO,  1.01;  CaO,  2.30;  AliO^o-ig; 
SiOs,  5.70;  PjOi,  0.006;  S,  0.17;  Cu,  0.015;  total,  100.72 r;  Fe,  65.20;?, 0.0016) 
are  stored  in  bins  holding  i  ,000  tons,  allowed  to  drain  for  a  week  after  wbidi 


4fi9-474'— Grondal  furnace  for  sintering  briquettes. 


they  retain  7.5  per  cent.  HjO;  they  are  then  compressed  into  briquettes  (6X6X3 
in.  weighing  10  lb.  each)  with  an  open  2-stamp  battery  with  stamps  weighing 
1,600  lb.  and  dropping  6  1/2  to  7  1/2  in.,  each  briquette  receiving  three  blows; 
the  process  requires  3  h. p.;  each  stamp  makes  8  to  12  briquettes  per  mln. 

The  bricjuettes  are  transferred  by  hand  with  trowels  on  to  an  iron  flat-car, 
Fifis.  469  to  474,  40  by  80  in.,  taking  two  layers  of  84  briquettes  on  edge  or 
1500  lb.  A  car  has  a  groove  at  one  end  and  a  rib  at  the  other  so  as  to  form  a 
tight  JDint,  and  a  deep  flange  at  the  sides  which  travels  in  a  channel  sealed  with 
sand  to  exclude  air.  The  wheels  have  roller- bearings  and  are  lubricated  with 
graphite.  The  sintering  is  carried  on  with  iron  blast-furnace  gas  (CO,  Ji; 
CO2,  15)  in  a  flue-shaped  furnace  148  ft.  long  by  4  ft.  4  in.  wide  by  5  ft.  3  in. 

'  Hofman-MoBlrnvilsth,  Tr.  A.  I.  M.  F...  tgog,  XL,  807. 
'  Kohlmcj'fr,  ittliillur^ie,  1909,  vl,  3J3. 
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high,  the  roof  rising  in  the  highest  part  of  the  furnace  to  8  ft.  3  in.'  In  the  fur- 
nace three  divisions  may  be  distinguished;  the  head  division,  60  ft.  long,  at 
which  the  train  of  cars  loaded  with  green  briquettes  enters  and  in  which  the 
briquettes  are  warmed  and  roasted;  the  central  division,  33  ft.  long,  in  which 
the  briquettes  are  sintered  at  a  temperature  of  i  ,300°  C. ;  the  tail  division,  55  ft. 
long,  in  which  the  sintered  briquettes  are  cooled  and  at  the  end  of  which  the  cars 
leave  the  flue.  The  air  for  combustion  enters  at  the  head  and  underneath  the 
air-tight  horizontal  partition  formed  by  the  platforms  of  the  cars.  It  cools 
the  bottoms  of  the  cars,  rises  at  the  tail-end,  and  returns  by  the  compartment 
above  the  cars,  travels  over  and  cools  the  sintered  briquettes,  becomes  prt- 
healcd,  and  meets  the  heating-gas.  The  products  of  combustion  leaving  the 
sintering  division,  travel  over  the  green  briquettes,  dry,  warm  and  roast  them, 
and,  having  been  cooled  to  150°  C,  pass  off  into  the  stack  situated  near  the  head- 
end. One  car  with  sintered  and  cooled  briquettes  is  withdrawn  at  the  tail-end 
every  half-hour,  the  train  is  moved  forward,  and  a  car  with  green  briquettes 
introduced  at  the  head-end.  In  firing  with  producer  gas,  coal  equal  to  ,^.75 
per  cent,  of  the  weight  of  sintered  briquettes  is  required.  Three  tunnel-furnaces 
produce  100  tons  of  briquettes  in  24  hr.  The  following  analysis  shows  how 
etTective  is  the  elimination  of  S:  SiOj,  5.50;  FciOj,  85.93;  FeO, 3.96;  AljOj,  0,76; 
MniO,,  0.63;  CaO,  2.23;  MgO,  0.97;  PjOt,  0.006;  S,  o.oio;  Cu,  0.007;  total, 
100.003;  ^*^>  63.16;  P,  0.0026.'  The  briquettes  are  stacked  and  then  broken 
in  a  crusher.  The  process  is  in  operation  also  at  Pitkaranta,  Sweden,  and 
Kertsch,  Russia.  Its  drawback  is  the  cost  which  in  Germany,  according 
Weiskopf,*at  Its  lowest is$i. 00  to  $1.25  per  ton,  whereasil  ought  nottoexci 
$0.75.* 

The  Nodclizing  Process.— Here  finely-divided  oxide  of  iron 
>S  per  cent.  C-,  is  fed  in  at  (he  throat  of  an  inclined  revolving  steel  cylinder, 
about  100  ft.  long  and  7  ft.  not  >  12  ft.  in  diam.,  that  is  fired  from  the  lower 
end  with  fuel  dust,  oil  or  gas.'  In  its  descent  through  the  furnace  the  fine  ore 
loses  its  S  in  the  upper  part  and  sinters  to  nodules  in  the  lower  part,  whence  it  is 
discharged  continuously  into  the  boot  of  an  elevator  which  delivers  the  hot 
nodules  into  a  water-sprayed  upright  recei\'ing  cylinder  that  is  emptied  at 
intervals  from  below  into  a  car.  The  flux  used  is  crushed  limestone  or  lime- 
forkings  from  partially  slaked  lime.  The  addition  of  lime  beside  furnishing  a 
base  for  the  formation  of  slag  which  assists  in  agglomerating  the  particles,  may 
prevent  nodules  of  magnetite  from  becoming  glazed.*  One  per  cent,  of  organic 
matter  (tar),  sprayed  into  the  ore  while  being  fed,  diminishes  the  amount  of 

'In  new  insulin  I  ions  Iht  iniprovcti  form  liy  Kamfn  U  taking  the  place  of  Ihc  olikr  con- 
struction of  Grftndiil. 

'  Other  analyse;  of  raw  ore,  cnnccntrutca  and  Lriqucltcs  arc  ^ven:  Stdid  u.  Eisc«,  igo8, 
xxvai,   1 195. 

'Paper  by  Hanscll,  ap.  cil.; SIM  u.  Ithcn,  191  jr  ii"iii,  176,319. 

•  Op.  cU. 

*  With  fuel  ftusi,  which  f^ivei  a  short  Rame,  rings  uf  sinteied  ore  Uo  not.  form  as  readily 
tit  the  (umace  at,  is  the  case  when  oil  or  gM  h  used. 

StalU  u.  Eiten,  1908,  xx\in,  1194. 
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flue  dust  and  reduces  Fe208  to  Fe804  which  sinters  at  a  lower  temperature. 
With  magnetite  it  is  not  used;  with  hematite  it  has  been  given  up  in  several 
instances. 

The  process  has  been  found  successful  with  finely-divided  hematite,  "blue 
billy,"  magnetite  and  franklinite  concentrates,  and  flue  dust. 


Fig.  475. — Nodulizing  plant,  National  Metallurgic  Co.,  Newark,  N.  J. 

An  elevation  and  plan  of  the  Newark,  N.  J.,  plant  of  the  National  Metallurgic 
Co.  is  given  in  Figs.  475  and  476.  The  ore,  mainly  burnt  pyrite  (cinder),  arriv- 
ing on  the  elevated  track  and  stored  in  bins  below,  is  crushed  if  necessary, 
elevated  to  the  cinder  bin,  and  discharged  by  a  screw-conveyor  into  the  feed- 
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Fig.  476. — Nodulizing  plant,  National  Metallurgic  Co.,  Newark,  N.  J. 


pipe.  At  the  end  of  this  pipe  tar,  kept  hot  in  a  tank  built  around  the  chimney, 
is  dropped  into  the  ore.  The  rotating  furnace  is  fired  with  fuel  dust,  the  hot 
nodules  collected  in  the  brick  bin  are  raised  by  the  nodule-elevator  to  the 
internally  sprayed  nodule-tank  and  drawn  into  a  car.    The  cylinder  is  100  ft. 


long,  7  ft.  diam.  and  drawn  to  6  ft.  at  the  feed;  the  ore  passes  through  it  in 
hr.  Cinder  from  Newfoundland  with  Fe,  54.29;  S,  3-25;  SiOi,  4-33, 
nodules  with  Fe,  59.29;  S,  0.074;  SiO,,  9.80.'  The  fuel  dust  is  prepared 
slack  coal.  This  is  dried  in  an  inclined  revolving  cylinder,'  the  fuel  gases 
ing  first  around  and  then  through  it. 

The  dried  coal  is  ground  in  a  Griffin  mill.  Fig.  414,  to  dust  of  which  90 
cent,  passes  a  loo-mesh  sieve,  conveyed  to  a  storage  tank  and  fed  into 
burner.    A  iso-h.p.  Corliss  engine  furnishes  the  power. 

At  the  works  of  the  Pennsylvania  Steel  Co.,  Lebanon,  Pa.,  a  magnetite  con- 
centrate (80  per  cent.  <3o-mesh,  Fe  60  to  64,  S  r,  Cu  0.2)  is  delivered  by  a 
roller-feed  to  the  nodulizing  cylinder  which  is  100  ft.  long,  7  ft.  diam.,  has  a 
pitch  3/4  in.  :  1  ft.,  and  is  lined  with  9  in.  of  fire-brick  (60  per  cent.  AUOa).  It 
is  supported  by  four  tires  on  friction  rollers  and  makes  two  r.p.m.;  the  down- 
ward thrust  is  opposed  by  the  rollers  being  placed  at  an  angle,  and  by  two 
sets  of  vertical  rollers  bearing  against  the  tires.  In  24  hr.  the  furnace  treats 
125  to  150  tons  of  concentrates;  the  S  is  reduced  to  o.os  percent.,  80  per  cent. 
of  the  nodules  are  >  t/4  in.  in  size;  the  fuel  consumption  is  150  to  200  lb.  dust 
per  ton  of  nodules.    The  cost  of  nodulizing  with  labor  at  $1.30  is  $0.75  per  ton. 

The, following  partial  analyses  of  raw  and  sintered  flue  dust,  Table  203, 
from  a  central  Western  blast-furnace  plant  represents  an  average  for  the 
month  of  November,  1008. 


Table  203. — Anai 


'  Raw  a 


J  SiNTEHEU  Flue  Dust. 


Flue  dust 

SiO, 

A1,0, 

Fe 

Mn 

Cb.0 

MgO 

Filed  C       P 

s 

B»w 

8-06 
11. 3S 

3- 10 
4-73 

SJ.64 
60.0s 

0-45 

0  S3 

I-9S 

i.Bo 

0,46 
0.70 

10.06 
1.81 

0-053 
0.06s 

0  .OS 
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The  Dwight-Lloyd  Process. — The  Dwight-Uoyd  straight-tine  sintering 
machine,  described  in  connection  with  Fig.  172,  was  developed  in  the  blast- 
roasting  of  sulphide  ores.  Within  the  last  five  years  its  sphere  has  been  extended 
to  the  sintering  of  fine  iron-bearing  oxide  material.  As  the  latter  contains  no 
heat-fumishing  constituent,  this  has  been  supplied  by  mixing  coal  with  the  ore. 
Experiments  have  shown  that  oxidized  iron  requires  about  8  per  cent.  C  to  fur- 
nish ample  heat  for  the  production  of  a  sinter.  An  excess  over  this  amount 
is  wasteful  and  harmful  in  that  it  prolongs  unnecessarily  the  time  required  for 
sintering,  raises  the  temperature  from  the  desired  sinter-point  to  that  of  fusion, 
and  overheats  the  grates  and  other  parts  of  the  machine.  Flue  dust  from  an  iron 
blast-furnace  with  Fe  46,  SiOj  9,  C  14  to  17  per  cent,  gave  without  any  addi- 
tion3ahardporousclinker;a  magnetite  concentrate  with  Fe  57  per  cent,  and  SiO| 
9  to  10  per  cent,  required  an  addition  of  about  10  per  cent.  coal.    At  Birdsboro, 


I  '  Colb 

■  ■  Ibid 


Colby.  J.  I.  and  Si.  I.,  1906,  I 
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Pa.,  8  per  cent.  C  furnished  all  the  required  heat.  The  high  percentage  of  C  in 
blast-furnace  flue  dust  has  been  reduced  to  the  required  amount  by  mixing  the 
dust  with  iron  ore  or  mill  cinder.  The  S-content  of  "blue  billy,"  averaging 
about  1.25  per  cent.,  is  reduced  in  the  process  from  trace  to  0.04  per  cent.  The 
ore-bed  with  oxidized  iron  is  from  5  to  7  in.  deep,  while  with  blast-roasting  of 
sulphide  ore  a  depth  of  4  in.  is  customary.  The  machine  for  sintering  oxide  ore 
is  the  same  as  the  one  used  in  blast-roasting.  The  daily  capacity  of  a  machine 
with  pallets  42  in.  wide  is  100  tons.  The  cost  of  installation  of  a  icx>-ton 
machine  is  $12,000,  and  the  cost  of  sintering  $0.50  per  ton  charge.  Klugh^ 
in  his  paper  gives  photomicrographs  which  bring  out  the  porous  character 
of  the  Dwight-Lloyd  sinter.  The  effect  of  the  sinter  on  the  smelting-power  of 
the  iron  blast-furnace  has  been  very  favorable. 

282.  Briquetting  Ore  with  Binder.  Non-Ferrous  Ores. — ^This  mode  of 
operating  is  very  common  with  plants  smelting  lead,  copper  and  other  non- 
ferrous  ores  in  the  blast-furnace,  but  rare  with  iron-blastfurnace  works.  The 
raw  material  of  the  former  has  a  much  higher  value  than  any  iron  ore  and  can 
therefore  stand  a  more  expensive  treatment;  besides,  agglomerating  by  heat- 
ing causes  more  loss  by  volatilization  with  lead  ores  than  is  permissible,  and 
has  not  proved  to  be  economical  with  copper  and  similar  ores.  Briquetting 
finely-divided  sulphide  ores  for  coarse-ore  roasting  furnaces  has  been  only 
partially  successful,  as  most  sulphides  decrepitate  upon  heating  and  cause 
briquettes  to  fall  to  pieces.  Further,  since  only  part  of  the  water  from  a 
sulphide  briquette  can  be  moved  by  air-drying,  the  elimination  of  the  re- 
mainder during  the  first  stage  of  the  roast  also  assists  the  disintegration. 

The  behavior  of  the  different  raw  materials  in  briquetting  is  not  uniform. 
Thus,  blast-furnace  flue  dust  which  contains  carbonaceous  matter  is  difficult 
to  mix  intimately  with  the  binder,  and  requires  more  or  a  stronger  bond  and  a 
higher  pressure  than  do  the  raw  sulphides;  on  the  other  hand,  with  oxide  or 
roasted  sulphide  and  with  flue  dust  from  roasting-furnaces,  the  union  is  easily 
accomplished.  A  thorough  mixing  and  kneading  of  ore  and  binder  is  of  prime 
importance.  When  this  is  done,  a  comparatively  low  pressure  will  furnish  a 
satisfactory  brick.  A  brick  will  be  stronger  if  it  is  made  of  coarse  instead  of 
fine  particles,  and  strongest  if  coarse-,  medium-  and  fine-sized  are  present  in  the 
right  proportions.  A  brick  made  up  of  coarse  ore  (not  over  1/2  in.)  would 
require  "much  bond  in  order  to  have  the  requisite  strength,  but  it  would 
dry  easily  and  be  porous;  a  brick  made  of  fines  alone  could  be  molded  with 
a  small  addition  of  bond,  but  would  be  too  dense  to  behave  well  in  the  sub- 
sequent treatment;  when  practicable,  coarse,  medium  and  fine  ores  are  mixed 
in  proportions  to  furnish  a  brick  that  will  require  little  bond  and  have  at  the 
same  time  sufficient  interstitial  spaces  for  the  moisture  to  pass  off  readily  and  for 
the  shrinkage,  caused  by  drying  and  baking,  to  progress  evenly.  It  is  the 
usual  practice  simply  to  air-dry  briquettes  and  then  to  charge  them  into  the  fur- 
nace; further  treatment  in  drying-chambers  at  temperatures  ranging  from  loo 
to  180°  C.  greatly  increases  the  hardness. 

Kiln-burning,  when  applicable,  gives  the  strongest  brick.     A  brick  to  harden 

*  loc.  cit. 
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in  baking  must  contain  either  some  clayey  material,  or  some  fusible  componenl 
such  as  lead  or  metallic  sulphide,  which  will  frit  the  particles  together;  coke  haft^ 
been  added  to  a  mixture  containing  little  S  in  order  to  furnish  the  heat  neces-j 
sary  for  agglomeration.  The  burning  has  been  carried  on  in  heaps  (see  below. 
Port  Pirie);  ordinarily  it  is  accomplished  in  up-draft  kilns  similar  to  those  in 
common  use  with  red  brick  manufacturers.  "The  brick  are  set  up  in  arches 
about  30  courses  high,  the  arches  being  20  ft,  long  and  the  open  portion 
about  9  courses  high.  Six  or  more  arches  are  built  side  by  side.  A  kiln  80  ft. 
long,  10  ft.  wide  and  zo  ft,  high  will  hold  about  100,000  brick.  Fires  are  built 
in  the  arches,  cord  wood  being  commonly  used.  It  takes  from  3  to  4  cords  to 
fire  a  kiln.  The  kiln  begins  to  burn  after  a  few  hours'  firing,  which  now 
cease.  It  burns  for  2  or  3  days  and  is  pulled  down  after  it  has  been  given 
time  to  cool."^ 

Many  binders  have  been  suggested.  Flue  dust  containing  soluble  metallic 
sut})hates  will  harden  after  having  been  moistened.  The  most  effective  is  ZnSO* 
of  which  3  to  4  per  cent,  is  known  to  have  been  sufficient;  FeSO*  and  dilute 
HiSO*  have  proved  satisfactory;  clay,  pan°  and  concentrator'  slimes  have  been 
used  as  has  the  waste  molasses*  of  sugar  plantations;  waste  sulphite  liquor*  has 
been  recently  advocated.  The  common  binder  is  burnt  lime  wliich  has  been 
slaked  and  allowed  to  age,  i.e.,  to  remain  for  some  time  under  water,  when  it  is 
stirred  into  water  to  form  a  creamy  liquid.  Incorporating  the  milk  of  lime  into 
the  ore  by  hand  and  making  briquettes  in  the  same  manner,  requires  8  to  10 
percent,  lime.  Hand-work  has  about  been  given  up,  machinery  having  taken 
its  place;  with  this  an  addition  of  4  +  per  cent,  lime  is  sufficient.  The  harden- 
ing of  the  lime  is  due  mainly  to  its  combining  with  CO-,  but  the  simultaneous 
formation  of  a  hydrosilicate  is  probable  under  the  right  conditions  (see  below, 
Schumacher  process). 

The  leading  machines  used  in  briquetting  are  the  ordinary  brick-press,  the 
presses  of  Chisholm,  Boyd  &  White  of  Chicago,  and  of  H.  S.  Mould  of  Pitt*- 
burgh,  and  the  augur-machine  of  Chambers  Bros.,  Philadelphia.  Before  takiitg 
them  up,  a  few  examples  of  briquetting  by  hand  may  be  given. 

Hand-bbiquetting  at  Port  Pirie,  N.  S.  W," — Slimes  from  the  concentrat- 
ing plant  (PbS  14,  ZnS  79. 40,  FeSj  3.38,  FejOj  4.17,  FeO  (in  garnets)  1.03, 
MnO  (in  garnets  and  rhodonite)  6.66,  AUOt  5.40,  CaO  3.40,  SiOj  21.90,  Ag 
0.060;  total  100.48)  are  run  from  settling  tanks  in  a  semi-fluid  condition  into 
railroad  cars,  allowed  to  settle,  and  then  dumped  along  the  side  of  the  track  to 
form  a  layer  ri  to  ii  in.  thick.  After  air-drying  for  several  days  they  are  cut 
with  spades  into  blocks;  these  are  further  air-dried  for  4+  days  until  they  have 
become  sufficiently  hard  to  permit  being  handled,  when  they  are  loaded  into 

'  HoCtnan,  "I^ad,"  igofl,  p.  404. 

*C)iutch,Kni.Min.J.,  1885.  xl,  iJSiTr.A.l.if.E.,  1886-88,  xv,  611. 

'  St«  Port  Pirie  below. 

•  Holman,  op.  cit.,  p.  405. 

•  U.  S.  Dep't.  Agricidturi,  CircuUir  No.  gj,  Wwhlnpon,  1910. 
'Horwood,  Tr.  Atulral.  Inst.  Min.  Eng.,  190],  tx',  tatt. 

DdptBt,  ep.  cit.,  1907,  XII,  15)  £»(.  Uin.  J.,  1907,  Lxxxiu,  317,  517. 
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cars  and  hauled  to  the  roast-yard.  In  handling,  about  10  per  cent,  fines  are  made 
which  are  pugged  with  water  and  used  as  a  cover  for  the  roast-heaps.  The  blocb 
are  built  into  heaps  with  brick  channels,  1 2  ft.  apart,  along  the  bottom;  the  sides 
are  plastered  with  pugged  fines,  and  draft-holes  are  left  open  at  the  top.  A  heap 
is  200  to  250  ft.  long,  20  to  22  ft.  wide,  6  ft.  6  in.  high,  and  holds  1,000  to  1,500 
tons  of  brick.  A  wood  fire  is  kindled  in  the  brick  channels  and  kept  going  for 
X  to  2  days  to  start  the  roasting.  A  heap  bums  10  to  15  days.  When  burnt,  the 
loose  part  of  the  cover  is  removed  and  pugged  with  other  fines.  The  heap- 
roasted  slime  forms  a  hard  porous  clinker  with  6.5  to  8.5  per  cent.  S ;  temperatu^^ 
measurements  showed  that  sintering  began  at  about  800^  C.  The  loss  in  metal 
is  high,  that  of  Pb  under  12.5  per  cent.,  that  of  Ag  imder  5  per  cent  In  one 
instance,  slime  assayed  before  roasting  Pb  17  per  cent.,  Zn  16  per  cent.,  S  12.5 
per  cent.,  Ag  17  oz.  p.  ton,  and  after  roasting  Pb  14  per  cent.,  Zn  12.5  percent, 
S  7  per  cent.,  Ag  15.8  oz.  p.  ton.^  The  cheapness  of  the  method  compensates 
fur  the  loss;  annually  100,000  tons  of  slime  are  treated  in  this  way. 

Hand-briquetting  at  Santa  Fe,  N.  M.*— Sands  (30-mesh  and  smaller) 
and  slimes  from  concentrating  gold-  and  copper-bearing  battery-pulp  are  mixed 
l)y  hand  with  10  per  cent,  freshly  slaked  lime  and  i  to  2  per  cent,  wood-ashes, 
ttud  then  kneaded  in  a  mechanical  mixer.  Bricks,  weighing  14.5  lb.  dry,  are 
n)ade  in  a  hand-lever  machine,  transferred  to  four-wheel  drying  trucks,  10  by 
r6  ft.,  holding  280  brick,  and  run  to  the  drying-yard,  part  of  which  k  covered 
with  a  shed.  From  600  to  900  brick  are  made  with  a  press  in  24  hr.;  they 
remain  three  or  four  days  on  the  trucks,  are  stacked  in  the  yard  8  or  10  high, 
ttllowed  to  dry  for  one  week,  and  then  removed  to  the  stock-pile  on  the  feed-floor 
<if  the  blast-furnace,  formingheaps  30  or  4obricks  high.  The  breakage  in  ban- 
(IIInK  ii*  about  10  per  cent.;  the  total  cost  of  bricking  is  $1.50  per  ton  of  brick. 

liRiCK  Press  at  the  Selby  Smelting  and  Lead  Co.,  San  Francisco.*- 
rian  and  elevation  of  the  briquetting  plant  are  shown  in  Figs.  477  and  478.  A 
pdrtipective  view  of  a  four-mold  Boyd  brick-press  is  shown  in  Fig.  479.  The  ore 
arrives  in  cars  on  the  upper  floor,  is  discharged  into  steel  bins  which  are  on  either 
bidd  of  the  building  and  have  three  or  four  compartments.  The  floor  of 
Ihtj  bins  projects  2  1/2  ft.  forming  a  platform,  and  has  holes  12X18  in.  in 
front  of  the  compartments;  the  holes  are  covered  with  a  coarse  screen  to  keep 
iHit  pieces  of  iron.  The  charge  is  made  up  by  shoveling  the  materials  into 
two  hopper-shaped  buckets  of  7  cu.  ft.  capacity  suspended  from  an  overhead 
in)llt?y;  the  lime  bond  from  the  slaking  boxes,  amounting  to  3+  per  cent,  is 
uti<l«d  last;  the  water  of  the  slaked  lime  is  generally  sufficient  to  moisten  the 
mixture  which  has  the  consistency  of  slightly  watered  brasque.  The  mass  is 
wurkwl  in  a  7-ft.  wet-pan,  having  stationary  edge-rollers,  until  it  assumes  a 
miiforni  color,  and  is  then  discharged  by  means  of  long-handled  shovel  into  the 
limit  of  u  14-in.,  8-ply  rubber-belt  elevator.    The  elevator  has  steel  buckets  at 

<  Nil  mention  is  made  of  change  in  weight. 

*  I  olliiib,  Tr.  Inst.  Min.  Met.,  1902-03,  xii,  58,  ill. 

•  Huhiiaii,  "Lead,"  1908,  pp.  400  and  402. 
Ih'hin'W,  /'Mi.  Min.  /.,  1904,  Lxxviii,  425. 
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intervals  which  deliver  the  pulp  to  the  hopper  of  the  press  through  a.  canvas 
t  leading  to  the  molds.  The  frame  of  the  press,  Fig.  479,  consists  of  two 
iron  housings  bolted  together  at  the  top  and  locked  by  the  mold-table  at 


477  and  478. — Briquetting  plant,  Sclby  Smelting  and  Lead  Works,  San  Francisco,  Cal. 

ottom.  It  carries  at  the  back  the  bearings  for  the  shafting  and  forms  the 
s  and  upper  supports  for  the  two  inner  side-bars.  These  are  connected  at 
3|p  by  a  steel  pin  journal^d  in  them,  and  at  the  bottom  by  bolts  ^as&vt^^ 
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through  the  mold-table.  The  toggles  receive  their  movement  at  the  middk 
joint  from  a  connecting-rod  operated  by  a  crank-shaft,  and  exert  a  total  prasiiR 
of  600  tons. 

The  cross-head  with  the  upper  steam-heated  plungers  is  guided  by  the  si(k- 
bars;  the  lower  steam-heated  adjustable  plungers  rise  and  fall.  The  press  has 
a  capacity  of  30,000  to  30,000  brick  of  ordinary  size  in  10  hr.  and  requires 
30  h.  p. 

In  oiierating,  the  feed  from  the  canvas  spout  is  automatically  shut  off  and 
the  tops  of  the  molds  are  smoothed  when  these  have  been  filled;  the  tniitutt 


mold  Uciyd  brick  press. 


is  then  pressed  by  the  straightening  of  the  toggles;  when  these  have  been  opened 
again,  the  lower  plungers  raise  the  bricks  to  the  tops  of  the  molds;  the  bricb 
are  then  pushed  forward  mechanically  and  removed  by  an  attendant.  TTic 
bricks  are  loaded  on  to  cars,  run  into  the  dry-house,  placed  on  shelves  and  air- 
dried  for  ,^+  days.  The  plant  has  a  daily  capacity  of  75  tons,  is  pro\-idcd  niih 
•1  50-h.i).  iniluctitm  motor,  and  requires  12  men,  not  counting  those  necessary  lo 
deliver  the  materials  lo  the  bins. 

Tiiii  CiiisiKii.M,  lloYU  &  White  I'kess.'— (Figs.  480  to  482).— The  bri- 


■  lOoS,  ].. 
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Circular  publi.-hcd  by  the  ma,n\itatt.\iii;t. 


quetting  device  consists  of  two  parts,  the  auxiliary  apparatus  for  preparing  t 
mixture,  Fig.  480,  and  the  press  proper  with  belt-conveyor,  Figs.  481  and  482, 
to  carry  off  the  britiuctlcs.    The  former  comprises  a  lime-slaker,  ore-feeder  and 
conveyor-miser;    ihe   total  weight  is  12,500  lb.     The  lime-slaker  is  a  steel 


trough,  about  7  ft.  long,  divided  into  two  chambers  by  a  sheet  of  perforated  ] 

metal  placed  crosswise  acting  as  a  strainer;  a  horizontal  shaft,  4  in.  sq.,  with  1 

detachable  blades  extending  through  it  is  driven  by  bevel  gearing  and  tight  and  , 

loose  pulley;  at  the  discharge-end  is  aa  adjustable  brass  pump,  6  in.  in  diam.,  J 

which  is  driven  in  connection  with  the  ore-feed  and  delivers  the  milk  of  lime  to  1 


Fig.  481.— Chisholm,  Boyd  und  While  briqucttlng  prcM. 


the  conveyor-mixer.  The  machine  occupies  a  floor-space  4  X  i  J  ft.  and  requires 
3  to  5  h.p.  The  automatic  ore-feeder,  supported  by  the  frame  of  the  conveyor- 
mixer,  feeds  by  means  of  a  revolving  disc  (carried  on  an  upright  shaft)  through 
an  adjustable  telescopic  ring.     It  is  driven  from  the  shaft  of  the  conveyor- 


mixer  by  a  sprocket-wheel  and  link-belt.  The  mixer  which  receives  measurei 
amounts  of  ore  and  milk  of  lime  is  a  trough  of  boiier-plate,  12  ft.  long,  with: 
4-in.  square  steel  shaft  carrying  detachable  blades,  set  at  an  angle  of  30°  ud 
spaced  3  in.  apart.  These  pug  the  mixture  and  deliver  it  at  the  dischargMtid 
either  into  a  conveyor,  if  the  press  is  on  the  same  level,  or  into  a  chute  if  it  b«i 
the  floor  below.  The  mixer  occupies  a  floor-space  17  ft.X4  ft.  6  in.,  isdrivtji 
by  a  friction-clutch  pulley  and  requires  from  5  to  10  h.p. 

The  main  parts  of  the  press  are  a  roller-mill,  a  molding  disc,  a  re-pressandM 
ejector.     The  cast-iron  pan  of  the  roller-mill,  mounted  on  a  circular  casl-iron 
frame,  is  7  ft.  in  diam. ;  it  is  lined  on  the  path  of  the  roller  with  white-iron  piitra 
1  2  in.  thick,  and  on  one  side  it  is  cut  out  to  admit  the  molding  disc.    The  roUets 

^^  '  F[G.  482. — Chisholm,  Boyd  and  WliEte  briquetting  press. 

are  48  in.  in  diam.,  12-in.  on  the  face,  have  chilled-iron  tires  4  in.  thick.and  weigh 
6,000  lb.  each;  they  are  connected  by  s-in,  crank-shaped  steel  arms  to  thecnsi- 
bcam  wnich  is  keyed  to  the  central  6-in.  steel  spindle,  the  latter  being  driven 
from  below  by  bevel -gearing.  The  cross-beam  carries  two  pairs  o(  plo«* 
which  turn  the  mixture  from  both  sides  of  the  rollers  into  their  path. 

The  mold  disc  is  acast-iron  plate,  5  ft.  in  diam.  and  2  1/2  in.  thick,  with  center 
Just  outside  of  the  pan.  It  has  three  rows  of  circuiar  holes,  48  in  all,  formiri; 
molds  3  or  4  in.  in  diam.  at  the  top  and  slightly  larger  at  the  bottom.  L'ndct- 
neath  the  molds,  in  the  path  of  the  rollers,  is  a  heavy  steel  plate  which  forms  the 
bottom  and  supports  the  mold  disc  while  the  rollers  arc  passing  over  it.  The 
movement  of  the  disc  is  effected  by  a  radial  pawl-arm  Journaled  at  the  center  and 
attached  at  the  outer  end  to  a  connecting-rod  with  crank  gear.  The  arm  his  • 
round  steel  jiawl  with  hardened  toe  which  drops  into  one  of  the  holes,  fftei 
the  arm  is  moved  forward  the  pawl  draws  the  disc  around  15°,  and  dropsinl" 
the  next  hole.  The  movement  of  the  rollers  and  disc  is  so  adjusted  that  lh(  W" 
lers  will  travel  repeatedly  over  a  set  of  molds  durhig  their  passage  through  thep*" 
and  thus  firmly  compact  the  briquettes.    This  is  carried  further  by  rc-pressing' 

The  re-press,  attached  to  the  base-frame,  consists  of  two  heavy  cast-lr* 
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frames  which  are  held  together  by  3-in.  steel  bolts  and  enclose  part  of  the  n 
disc.    Through  the  upper  frame  extends  a  6-in.  steel  shaft  with  roller  and  toggle 
for  operating  three  re-press  plungers.    The  re-press  is  actuated  by  a  connecting- 
rod  provided  with  a  relief -spring;  this  same  motion  operates  the  ejector,  so  that 
at  the  same  time  three  briquettes  are  re-pressed,  and  three  ejected  on  to  thebelt- 
conveyor.     While  re-press-  and  ejector-plungers  enter  the  molds,  the  mold-disc 
remains  stationary.     The  machine  occupies  a  floor-space  10X12  ft.,  is  7  ft,  high, 
and  weighs  30,000  lb.     It  is  driven  by  a  friction-clutch  pulley,  30  in.  in  diam,  and 
12  in.  face,  making  265  r.p.m.,  and  requires  25  to  30  h.p.  when  in  operation,  and  I 
40  for  starting.    The  capacity  of  the  machine  at'Anaconda'  was  125  tons  in  j 
24  hr.;  eight  men  including  one  foreman  were  required  to  operate  it  and  to  handle  1 
the  briquettes.     The  cost  of  briquetting  ranges  from  $0.65  to  $1.50  per  ton. 


3. — il.  S.  Mould  Co.  briquetting  press. 


The  H.  S.  Mould  Go's  Press^  (Figs.  483  to  4S5).— ^This  machine,  as  the 
preceding  one,  consists  of  the  auxiliary  apparatus  for  preparing  the  mixture, 
viz.,  the  limc-slaker,  lime-pump,  dust-feed  and  mixer;  the  feed-belt  which  con- 
veys the  mixture  to  the  plunger-press;  the  press  proper;  and  the  delivery-belt 
for  the  briquettes.  One  line-shaft  furnishes  the  power  for  the  entire  plant. 
There  are  two  lime-slakers  which  are  used  alternately;  they  are  connected  at  the 
bottom  by  screened  openings  (to  be  closed  by  a  cut-off)  with  the  central  cham- 
ber which  forms  the  reservoir  for  the  lime-pump.  The  shafts  of  the  slakers 
are  driven  indeiwndenlly  by  fast  and  loose  pulleys,  the  shaft  of  the  slaker  to 
the  right  extending  across  both  vats.     The  pump  has  an  adjustable  stroke 

'  Austin,  Tt.  a.  I.  M.  E.,  1906,  xxx^-II,  460. 
■  Editor,  Eng.  Mm.  J.,  1901,  lxxk,  ;i4. 

Editor,  Iton  Trade  Rn.,  Nov.  n.  1901,  p.  61  . 

Editor,  Ifiii.  Rip.,  15KM,  XLV,  49, 
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and  is  driven  by  a  chain  from  one  of  the  mixer-shafts,  while  the  other  actuates 
the  ore-feed,  the  discharge  of  which  is  regulated  by  a  rod  and  handwheel. 

The  mixer  has  two  shafts  prodded  with  pugging  arms.     It  is  driven  through 
gearing  by  a  friction -pulley  connected  by  belting  with  the  line-shaft.    The  feed- 


FiG.  484. — H.  S.  Mould  Co,  briquetiing  press. 
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belt,  supported  by  four  rollers,  receives  its  motion  from  a  pulley  on  the  pulley- 
shaft  of  the  mixer.  The  press  is  of  the  plunger  type,  working  on  the  same  prin- 
ciple as  the  open-mold  Exeter  press  used  to  dry-press  some  lignites  (Figs.  104 
and  105).  As  the  plunger  is  drawn  back,  a  certain  amount  of  mixture  falls  into 
the  mold  and  is  compressed  by  the  forward  stroke;  thus  the  mold  becomes  filled 
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mth  briquettes,  every  new  briquette  being  compressed  against  the  briquettes  in 
the  mold,  of  which  one  is  ejected  by  every  forward  stroke.  The  mixture  to  be 
suited  for  the  press  should  not  contain  more  than  7  per  cent,  water.  The 
machine  shown  has  six  plungers  3  in.  in  diam.  and  makes  briquettes  3  in.  long. 
With  25  r.p.m.  it  produces  150  briquettes,  or  1,080  cu.  ft.  molded  material. 
Its  rated  capacity  is  100  tons  in  10  hr.,  and  it  requires  5  men  to  operate  it.  The 
veu  on  the  chilled-iron  bushings  and  the  pistons  is  considerable.  The  plunger- 
pnssure  necessary,  in  one  case,  was  25  lb.  for  flue  dust,  1 5  for  mixed  charge,  and 
10  Ibr  fines. 


I'lC,  485.— H.  S.  Mould  Co.  briquetling  press, 


The  Auguh  End-cut  Brick  Machine  (Chambers  Bros.,  Philadelphia). — 
This  machine  is  shown  in  Fig,  234,  and  its  mode  of  working  discussed  in  §159. 
At  Anaconda'  the  briquette  mixture  is  made  up  of  1/3  screened  lirst-dass  ore, 
1/3  concentrate  and  1/3  concentrator  slime;  to  this  is  added  $  per  cent,  washed 
rate  from  the  ash-pit  droppings  of  the  reverberatory  s melting-furnaces,  as  it 
nukes  the  briquette  porous  and  replaces  part  of  the  coke  necessary  in  the  blast- 
furnace. The  materials  are  drawn  from  storago-bins  in  right  amounts  and 
ddivered  by  conveyor-belts  to  the  hop|>er  of  the  machine;  the  necessary  water 
IS  introduced  at  the  same  time.  The  machine  produces  in  24  hr,  with  nine  men 
per  shift,  840  tons  of  briquettes  weighing  5  to  10  lb,  each.  They  are  conveyed 
liy  one  lo-in.  rubber  belt  to  a  second  one  which  runs  parallel  to  the  long  side 
of  a  building,  steam-heated  in  winter;  this  contains  36  drop-bottom  storage  hop- 
pers, 3  ft.  6  in.  wide  at  top,  2  ft.  wide  at  bottom,  3  ft.  4  in.  long  and  2  ft.  6  in. 
deep,  Deflecting-boards  scoup  the  bri<[uettes  into  the  ho]»pers,  each  of  which 
holds  about  i  ton.  From  the  hoppers  the  briquettes  are  drawn  into  charge- 
"ars  passing  underneath.  The  briquettes,  it  will  be  seen,  are  not  handled  and 
Me  used  when  only  imperfectly  dried.  While  they  crumble  somewhat,  they 
^  together  sufficiently  for  smelling  with  the  rest  of  the  charge. 


'AuiUd,  Tr.  A.  I.  M.  £.,  1906,  > 
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Briquetting  Iron  Ores. — A  raw  material  of  low  value,  such  as  findy 
divided  iron  ore,  cannot  usually  bear  the  cost  of  briquetting  with  a 
binder,  further,"  the  grade  of  the  ore  is  reduced.  Some  of  the  leading 
binders  used  and  suggested  are  clay,  lime,  lime  and  silica,  iron  blast- 
furnace slag,  cement,  soda,  sodium,  calcium  and  magnesium  chlorides,  etc 
Organic  binders,  such  as  coking  coal,  rosin,  tar,  pitch,  oil  residuum  are  too 
expensive. 

Since  the  bricking  and  baking  of  clay-bearing  iron  ore  has  been  successful, 
the  addition  of  clay  to  iron  ore  appears  promising.  Briquettes  can  be  made  in 
that  way,  but  the  addition  of  a  refractory  bond  which  has  to  be  slagged  later  on 
is  hardly  economical.  In  exceptional  cases  where  the  iron  ore  is  so  high-grade 
slag-forming  material  has  to  be  added  to  the  charge  to  insure  having  enough 
slag  to  cover  the  iron,  the  use  of  clay  may  be  advantageous.  Thus,  in  Pitts- 
burgh, low-grade  argillaceous  Peimsylvania  limonite  used  to  be  added  to  the 
rich  Lake  Superior  iron  ores  to  furnish  the  amount  of  slag  and  AlsOs  necessary 
for  the  satisfactory  working  of  the  blast-furnace.  Briquettes  of  fine  rich  iron 
ore  and  clay  would  have  served  the  same  purpose. 

The  use  of  lime  with  pure  iron  ore  cannot  have  a  satisfactory  eflFect;  if  the 
ore  contains  finely  divided  Si02  the  case  is  different,  it  resembles  the  combined 
use  of  CaO  and  Si02  in  the  manufacture  of  lime-sand  brick.  ^  In  the  original 
Schumacher  process,^  lime  and  quartz  are  ground  separately,  some  lime  being 
added  to  the  quartz  to  absorb  the  water  this  may  contain.  The  two  are  incor- 
porated into  the  ore,  the  mixture  is  briquetted,  and  the  briquettes  are  steamed 
until  they  become  hard.  The  hardening  is  said  to  be  due  to  Si02  and  Ca(OH)! 
combining  to  a  hydrous  silicate.  The  amounts  of  lime  and  quartz  needed  vary 
with  the  character  of  the  ore,  but  are  small:  91  per  cent.'  purple  ore,  4  to  5 per 
cent,  lime  and  3  to  4  per  cent,  quartz  gave  good  results  at  one  plant;  another 
required  only  1.5  per  cent,  quartz;  88  per  cent,  flue- dust,  10  per  cent,  lime  and 
5  per  cent,  quartz  worked  satisfactorily  at  a  third  plant.  The  briquette  presses 
used  weigh  22  tons,  exert  a  pressure  of  4,300  to  5,700  lb.  per  sq.  in.  and  make 
11,000  i2-lb.  briquettes  in  10  hr. 

The  new  Schumacher  process^  consists  in  mixing  flue  dust  with  from  5  to 
10  per  cent.  MgCl2-or  CaCla-solution  (  =  0.25  — 2. 00  per  cent.  MgCU  or  CaClj). 
which  causes  the  mixture  to  set  and  harden  in  from  15  to  60  min.  At  the 
works  of  the  Cambria  Steel  Co.,  Johnstown,  Pa.,  a  mixture  of  flue  dust  and  fine 
Mahoning  ore  is  moistened  with  a  30-per  cent.  CaCU  solution,  compressed  to 
cylindrical  briquettes  8  in.  in  diam.  and  8  in.  high.  A  chemical  reaction  takes 
place  in  the  briquettes,  causing  them  to  become  warmed.  The  briquettes  con- 
tain 27  per  cent,  of  voids  (absorbing  11.5  per  cent,  water)  and  have  a  compres- 
sive strength  of  445  lb.  per  sq.  in.  The  cost  of  briquetting  is  said  to  be  less  than 
$0.30  per  ton. 

*  Eckels,  E.  C,  "Cements,  Limes  and  Plasters,"  Wiley,  New  York,  1905,  p.  130. 
Verein  dor  Kalksandsteinfabriken,  E.  V.,  "Der  Kalksandstein,"  Berlin,  1909. 

*  Stahl  u.  Risen  1908,  xxviii,  321,  1190. 
'Richards,  Tr,  A.  1.  M,  E.,  1912, xiau,  ^^t. 
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Granulated  iron  blast-furnace  slag^  with  cementing  properties  is  used  in 
amounts  up  to  10  per  cent,  by  the  Scoria  Co.^  The  slag  is  steamed,  cru^shed  and 
mixed  with  the  ore  in  an  edge-roller  mill,  the  mixture  briquetted  and  the 
briquettes  steam-hardened. 

Cement  which  crumbles'  when  heated  alone  to  about  450°  C.  appears  to 
give  good  briquettes  especially  when  these  are  steam-hardened.  At  Le  Creuzot* 
briquettes  of  purple  ore  with  from  3  to  6  per  cent,  cement  made  imder  a  pres- 
sure of  7,000  lb.  per  sq.  in.  and  steam-hardened,  resisted  a  temperature  of  480 
to  S40^C.  under  a  pressure  equivalent  to  that  which  they  would  have  to  endure 
after  having  passed  through  three-quarters  the  height  of  a  blast-furnace.  Brick 
made  with  lime  fell  to  pieces.  Lime,  soda  and  salt  have  been  used  at  South 
Chicago.' 

The  briquetting  of  iron  ore  and  coking  coal,  and  then  coking  the  briquettes, 
^)pears  promising,  but  the  amoimt  of  ore  which  even  a  good  coking  coal  can 
bind,  and  furnish  a  strong  coke,  is  comparatively  small;  further,  the  reduction 
of  the  FesOi  in  the  blast-furnace  will  be  effected  by  solid  C,  which  is  wasteful; 
on  the  whole,  a  good  coking  coal  is  generally  too  valuable  to  be  used  for  such 
purposes;  the  same  is  generally  the  case  with  the  other  organic  bonds. •  A 
recent  example  of  briquetting  with  coal  is  that  of  the  Alexandrowski  Iron  Works 
in  the  Ural  Mts.^  where  the  coal  could  not  stand  over  7  per  cent,  ore,  if  the 
coke  was  to  retain  its  original  crushing  strength. 

283.  Briquetting  Metal  Scrap. — The  process  of  compacting  chips,  borings, 
etc.,  of  brass,  bronze,  cast-iron,  cast  steel,  etc.,  without  a  binder  originated 
with  A.  Ronay  of  Buda-Pest.  The  divided  metal  particles  suitably  prepared 
are  placed  in  a  mold  and  subjected  to  a  hydraulic  pressure  of  about  30,000 
lb.  per  sq.  in.  The  briquette  is  allowed  to  remain  under  pressure  sufficient 
time  to  expel  air  and  water,  which  would  have  a  tendency  to  weaken  the  bond, 
and  thus  to  permit  the  particles  to  come  into  the  necessary  intimate  contact. 
The  particles  before  being  charged  into  the  hopper  of  the  press  are  dried,  if 
necessary,  and  freed  from  dust  and  dirt  by  the  sucking  action  of  an  exhaust- 
fan.  Turnings  may  have  to  be  passed  through  disintegrating  rolls  to  reduce 
their  bulk.  A  press  exerts  its  force  both  from  above  and  below  the  charge. 
In  charging  cast-iron  borings  into  the  cupola,  the  loss  in  metal  is,  according 
to  Moldenke,'  50  per  cent.;  if  they  are  boxed,  the  loss  ranges  from  8  to  12  per 
cent.;  with  briquettes  the  loss  has  been  brought  down  to  6  per  cent.  In  melt- 
ing pig  iron  straight,  the  loss  should  not  exceed  3  per  cent. ;  in  charging  as 
much  as  80  per  cent,  briquettes,  the  loss  is  about  the  same  as  with  pig  iron. 

^  Stahl  u,  Eisen,  1908,  xxviii,  321,  1190. 

•  Siakl  a,  EiseHf  1908,  xxviii,  324;  1909,  xxrx,  240. 

At  the  Elnipp  works,  of  Rheinhausen,  Iron  Agc^  1913,  xci,  901. 

•  Bumby,  /.  West  Scotland  Iron  and  Steel  Insl.j  1901-02,  ix,  14. 
.  *  Stahl  u.  Eisenf  1902,  xxii,  457. 

•  Iran  Age,  1902,  Dec.  11,  p.  8. 

•  Rosin  used  by  Edison,  Iron  Age,  1897,  Oct.  28,  p.  7. 

•  StM  u,  Eisen,  1906  xxviii,  475. 
*loc.  cit. 
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B.  METALS— ALLOYS 

284.  Mechanical  Treatment  of  Metal  in  General.^ — ^The  shaping  of  metal, 
which  is  the  object  of  this  class  of  operations,  is  accomplished  by  mechanical 
pressure  that  is  greater  than  the  elastic  limit  of  the  metal.  During  the  appli- 
cation of  the  pressure  the  crystals  glide  along  cleavage-planes  in  the  direction 
of  the  strain  (flow  of  metal,  §12),  or  they,  as  well  as  the  original  cleavages,  are 
broken.  A  rearrangement  takes  place,  the  manner  of  which  depends  upon  the 
temperature  of  the  piece  and  the  duration  of  the  work.  A  metal  must  be  ductile, 
if  it  is  to  be  shaped  mechanically;  the  larger  the  difference  between  its  elastic 
limit  and  tensile  strength,  the  greater  is  the  deformation  it  will  endure.  As  a 
rule,  both  the  elastic  limit  and  the  tensile  strength  of  a  metal  are  lowered  when 
it  is  heated;  in  some  instances  the  two  are  raised  for  a  short  period  when  the 
temperature  rises  above  normal.  The  lowering  of  the  elastic  limit  by  a  rise 
of  temperature  permits  working  a  metal  with  an  application  of  less  power  than 
at  ordinary  temperature.  If  the  elastic  limit  is  lowered  more  quickly  than  the 
tensile  strength,  the  range  within  which  the  metal  can  be  worked  is  increased. 
The  variations  of  these  two  mechanical  properties  due  to  temperature  are  not 
always  regular.  This  explains  the  fact  that  some  metals  can  be  worked  only 
within  a  small  range  of  temperature.  Working  a  metal  cold  causes  a  rise 
of  both  the  elastic  limit  and  the  tensile  strength.  As  the  rise  with  the  former 
is  greater  than  with  the  latter,  the  difference  between  the  two  properties  de- 
creases as  the  work  progresses,  and  the  metal  becomes  brittle  and  may  break. 
By  annealing  the  metal  before  the  danger-line  is  approached,  i.e.,  heating  to  a 
temperature  approximately  fixed  for  each  metal,  the  original  difference  between 
elastic  limit  and  tensile  strength  is  restored,  and  the  metal  has  regained  its 
original  ductility.  If  the  work  is  carried  on  at  this  annealing  temperature, 
the  operation  cannot  have  any  influence  upon  the  ductility.  It  will,  however, 
increase  the  specific  gravity  and  tensile  strength  in  that  it  compacts  the  metal 
by  increasing  the  cohesion  and  adhesion  of  the  crystals,  and  by  closing  possible 
blow-holes.  In  some  cases  it  is  desired  to  bring  the  elastic  limit  and  tensile 
strength  of  a  metal  nearer  each  other  in  order  to  increase  the  stiffness  as, ^^f 
cold-rolling  steel  springs  or  steel  shaftings.^ 

The  mechanical  pressure  exerted  for  shaping  a  metal  may  be  applied  in  three 
ways:  (i)  Slowly  and  releasing  it  almost  as  soon  as  the  metal  has  yielded  to 
it,  as  in  rolling  or  wire-drawing.  (2)  Gradually  and  allowing  it  to  remain  active 
for  a  short  time  when  the  metal  has  yielded,  as  in  pressing.  (3)  Quickly  and 
releasing  it  before  the  metal  has  fully  yielded,  as  in  hammering. 

*  HiiuiT,  J.  von,  "  Huttcnwcscn-maschincn,"  Telix,  Leipsic,  1876,  Supplement,  1887. 
Jordan,  S.,  "Album  to  the  Course  of  Lectures  on  Metallurgy,"  Baudry,  Paris,  1877. 
Guetlicr,  A.,  "Le  Forgeron  M^canicien,"  Bernardt  &  Co.,  Paris,  1887. 

Fischer,  II.,  "Die  Bearbcitung  der  Metallc,"  Baumgartner,  Leipsic,  1890. 
Lcdebur,  A.,  "Lehrbuch  der  Mechanisch-mctallurgischcn  Tcchnologie,**  Vieweg  &  Sohni 
Brunswick,  1905. 

*  Goerens,  Fcrriim,  1912-13,  i,  65,  137. 
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Fic.  486.— Flow  of  metal  ii 


385.  Rolling  of  Metal  in  General.' — The  apparatus  used  for  shaping  metal 
by  rolling  is  called  a  rolling-mill.  The  first  was  built  in  the  i6th  century.  Its 
essential  feature  is  a  set  (or  train)  of  at  least  two  rolls,  usually  mounted  with 
axes  parallel  one  above  the  other  and  revolved  at  approximately  the  same  speed 
in  opposite  directions.  The  friction  between  the  rolls  and  a  piece  of  metal 
causes  the  former  to  grip  the  metal  and  draw  it  in,  when  it  will  be  reduced  to  a 
thickness  equal  to  the  distance  between  the  rolls  and  increased  in  length,  but  not 
much  in  width.  The  flow  of  metal  caused  by  rolling  is  well  illustrated  by  the 
curved  lines  of  Hollenberg*  shown  in  Fig.  486  He  bjred  holes  into  a  bar  in 
the  direction  in  which  the  rolls  were  to  exert  their  pressure  inserted  pieces  of 
wire,  rolled  the  metal,  and  then  planed  it 
down.  In  cold-rolling  the  curvature  of  the 
wires  along  the  surface  of  the  bar  was  the 
greater,  in  hot  rolling  along  the  center. 
For  the  same  reason,  a  bar  with  the  inside 
hotter  than  the  outside  will  show  convex 
ends  after  rolling,  and  concave  (fish-tail) 
endswhen  the  outside  ishotler,  as  thehotter 
metal  flows  more  quickly  than  the  cooler. 

In  special  rolling  processes,  such  as  the  Mannesmann'  for  rolling  weldless 
tubes,  the  rolls  move  in  the  same  direction,  but  are  set  at  an  angle  to  one  another. 

Rolls  are  either  plane  or  grooved.  With  plane  rolls  only  plates  or  sheets 
can  be  rolled.  If  the  metal  is  to  receive  a  special  shape  by  rolling,  grooves  are 
formed  in  the  upper  and  lower  roll  to  furnish  together  the  desired  sections. 
The  space  between  two  plane  rolls  or  between  the  two  grooves  of  a  pair  of  rolls 
is  called  a  "pass."  A  piece  of  metal  having  traveled  through  the  space  is  said 
to  have  made  a  pass.     As  the  amount  of  mechanical  work  to  be  done  is  great, 

'  Daelco,  Hollcnberg,  and  Dickman,  Vtrh.  Befilrd.Gcu-erbtJIeissa,  1869, XLm,  Supplement; 
Tunner,  P.,  and  Pearee.  J.  P.,  "RoU-tuming,"  VaoNosirand,  New  Yort  i869;Btass.  Slaklu 
£iKB,  laSi.n,  :8i),  »8j;Angstr8m,  C.  A.,  "WaUeo-  und  Kalkber-conatruciionfUr  Eisenwal^- 
werke,"  Otst.  Jakrb.,  iS<)i,xxxsx,  JS3;  Bcckert,  Th.,  "Lcittaden  der  Eisenhtlttenkunde," 
Springer.  Berlin,  1900,  Part  in;  Geiuc,  L.,  "Laminage  der  Fcr  et  de  I'Acier."  B£nLnger,  Paris, 
igoo;  Brovott,  A.,  "Das  Kolibcricren  der  Walzen,"  Fdix, Leipsic,  1Q03;  Ledcbur,  A.,  "Lehr- 
buch  da  Mechanisch-metallurgischen  Technologie,"  Vieweg,  Brunswick,  1905;  Kirchberg 
E.,  "GrundKOgederWaLtcnkalibrierung,"  Ruhfua,  Dortmund,  1905;  Puppe,  J,, "Experimental 
Investigations  on  the  Power  Required  to  Drive  Rolling  Mills,"  Grilfin  &  Co.,  London,  1910; 
Harbord,  F.  W.,  and  Hall,  J.  W.,  "Slecl,"  Lippincoll,  Philadelphia,  1911,  Vol.  II. 

*SlaU  H.  EiscH,  iSSj,  ni.  tti. 
Puppe,  op.  cii.,  1909,  XXIX.  t6). 

*  Leobner,  H., "  UeberdasMannesmanD'sche  R6hrwalzverfahren,"  Richlcr.  Hamburg,  1S97. 
Siemens,  Brit.  Aisoc.  Rep.,  188S,  p.  804;  Entintcrint,  igS8,  XLVl.  191. 


Wedding,  Tr.  A.  I.  if.  £.,  1890-91,  > 
Rculaux,  Iron  Age,  1890,  xlvi,  ijS, 
Gordon,  En[.  ilin.  J.,  1890,  xttx,  676, 
Editor,  Iron  Af,  1907,  ixxx,  553. 
Gruber,  StaK  u.  Eisen,  1910,  xxx,  1449. 
Mayer,  op.  ciL,  p.  loj. 
Springer,  Iron  Age,  1910,  lxx.xvi,  613. 
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it  is  impossible  to  obtain  a  final  reduction  by  a  single  pass;  the  general  sdieme 
of  rolling  is  therefore  to  have  a  succession  of  decreasing  passes  which  reduce 
the  thickness  of  the  bar  and,  as  stated  above,  at  the  same  time  increase  mainly 
the  length. 

Rolling-mills  are  two-high,  three-high,  or  universal.  A  two-high  mill  is 
either  non-reversing,  when  the  direction  of  travel  of  the  rolls  remains  imchanged, 
or  it  is  reversing,  when  the  direction  is  changed.  In  a  non-reversing  (pull-over, 
pass-over)  mill,  Fig.  487,  the  metal  is  fed  only  from  one  side  (the  roller's)  and 
returned,  after  having  made  a  pass,  from  the  other  (the  catcher's)  over  the  top 
of  the  roll.  The  loss  in  time  and  the  labor  of  lifting  are  avoided  in  a  reversing 
mill.  Here  the  engine  is  reversed  after  the  metal  has  made  one  pass,  and  the 
latter  run  through  the  mill  in  the  opposite  direction.  The  gain  in  time  and  labor 
is  coupled  with  the  drawback  that  reversing  an  engine,  especially  wh^  at  full 


Fig.  487. 
Two- high  rolls. 


Fig.  488. 
Three- high  rolls. 


Fig.  489. — Universal  rolls. 


speed,  subjects  it  to  severe  strains.  This  difficulty  is  overcome  by  the  con- 
tinuous three-high  mill  invented  by  John  Fritz  in  1857.  Here,  Fig.  488,  the  top 
and  bottom  rolls  travel  in  directions  opposite  to  that  of  the  middle  roll.  The 
disadvantages  are,  that  power  is  necessary  to  raise  the  metal  above  the  middle 
roll,  and  that,  with  the  exception  of  some  plate-mills,  the  rolls  are  not  adjustable. 
The  universal  mill,^  which  was  devised  by  Daelcn  in  1855,  aims  to  even  the 
edges  of  a  flat  piece  while  it  is  being  rolled.  It  consists.  Fig.  489,  of  a  pair 
of  horizontal  reversible  rolls  backed  by  a  pair  of  vertical  adjustable  rolls  whidi 
are  also  reversing;  with  the  former  the  thickness  of  the  metal  is  reduced 
in  the  usual  way  and  its  length  increased;  the  latter  compress  it  sidewise  and 
thus  control  the  spreading  of  a  piece  and  give  it  an  even  edge.  Universal  mills 
have  been  made  three-high^  with  a  pair  of  vertical  rolls  on  either  side  of  the 
horizontal  rolls. 

286.  Examples  of  Tjrpical  Rolling-mills. — A  few  examples  of  rolling-mills 
used  in  working  iron  and  steel  may  serve  to  illustrate  the  leading  types. 

Two-HTGH  NoN-REVERSiNG  Two-STAND  RoD-MiLL. — Figs.  490  to  4^4  rep- 
resent a  two-high  non-reversing  two-stand  mill  for  rough-rolling  a  squeezed 

*  Reddy,  Iron  Trade  Rev.,  1910,  XLVii,  1115. 
*Reddy,  Iron  Trade  Rev.y  1910,  XLVii,  317. 


or  hammered  puddle-ball  itilo  muck-bar,  and  for  finishing  the  muck-bar  inl 
finished  bar. 

The  engine-shaft,  a,  is  coupled  with  the  lower  of  a  pair  of  straight-tooth  i 
spur  wheels,  A,  held  in  position  by  the  spur-wheel  housing,  g;  their  shafts  are  I 
connected  with  those  of  the  first  pair  of  rolls,  k,  by  star-shaped  connecting-  . 
spindles,  i,  and  coupling-boxes,  /;  and  these  are  joined  in  the  same  n 
the  second  pair  of  rolls,  /.    The  rolls  are  held  in  their  correct  positions  by  the  i 

-^t (SJ, 


Figs.  4yo-494. 


o-high  non-re vcr^ng  Iwo-stand  rod  mill. 
a.  Engine-shaft;  b.  By  wheel;  c,  pilluw-block  Cur  engine-HbafC;  d,  coupling  wilh  b 
spindle;  r,  star-shaped  coupling  (wobbler)  with  luur  driving  points;  /,  coupling-box;  g,  ^ui- 
whed  bousing;  h,  straight-tuolb  sput-whecis;  i,  star-shaped  connecting-spindle;  t',  flulea 
with  wooden  strips  strapped  on  to  maintain  distance  between  coupling-boxes;  j,  roll-housing; 
h,  roughing- rolls  with  Gothic  passes;  I,  finishing-rolb  with  box-passes;  m,  hand-lever  with 
fulcrum  attached  to  chain;  n,  base  of  housing;  o,  bed-plale  ol  train;  f,  wedges;  g  and  <f, 
anchor-bolts;  r,  recesses;  s,  cramp-bars;  I  and  J',  (ore-plate  and  rest-plate;  a,  screw  for 
Upper  bcuring-box;  r,  breaker;  if,  tie-bars;  x,  lower  bearing-ljox  resting  upon  bottom  of 
standard;  x",  upper  bearing-box  resting  on  block  carried  by  lower  box;  y  and  y',  water-trough 
■Jld  ■pil>e;  (,  guide;  i',  guard. 

roll-housings,  _;■;  these  are  secured  at  the  bottom  to  their  bases,  «,  and  held  at 
the  top  by  tie-bars,  w;  the  bases  arc  bolted,  /,  to  the  bcd-plale,  o,  and  this  in 
turn  is  anchored,  q,  to  the  foundation.  The  trough,  y,  with  descending  pipes, 
y,  lumishes  the  water  necessary  for  cooling  the  journals  of  the  rolls.  Each 
pair  of  rolls  is  grooved  by  a  succe.ssion  of  decreasing  passes;  the  top-rolls  are  not 
adjustable.  The  lower  bearing-box,  x,  rests  on  the  bottom  of  the  standard  and 
the  upper  box,  i^,  on  blocks  carried  by  the  lower  box;  the  upper  box  is  held 
down  by  the  screw,  u,  to  be  turned  with  a  key  having  one  or  more  curved  handles 
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(not  shown) ;  the  screw  bears  on  a  breaker,  v,  a  small  hollow  casting  which  breab 
and  gives  way  in  case  a  piece  too  large  or  too  cool  is  put  between  the  rolls.  The 
fore-plate,  /,  Figs  491  and  494,  in  front  of  the  roughing  rolls,  k^  serves  to  support 
the  piece  when  it  is  presented  to  the  rolls;  it  is  often  provided  with  ribs^  in  front 
of  the  collars  of  the  rolls  to  guide  the  piece  and  protect  the  collars  from  injury; 
the  rest-plate,  /',  forms  the  support  of  the  piece  as  it  leaves  the  rolls.  Instead 
of  having  ribs  on  the  fore-plate,  special  guides,  z  (Figs.  492  and  493),  as  in  front 
of  the  closed  box-passes  of  the  finishing-rolls,  /,  are  provided  to  direct  the  piece 
into  the  grooves. 

Fig.  493  shows  a  guard,  z\  which  peels  out  a  piece,  should  this  become  wedged 
in  a  pass  and  wrapped  around  the  lower  roll  (collared)  instead  of  passing  oat 
straight.  In  order  that  all  collaring  shall  take  place  on  the  lower  and  not  on 
the  upper  roll,  the  grooves  and  collars  are  placed  in  the  lower  roll;  this  a^^ang^ 
ment  also  permits  the  piece  to  enter  the  groove  more  easily.  If  the  arrangement 
were  reversed,  the  guard  would  have  to  be  suspended  (hanging  guard)  and  held 
in  its  position  against  the  groove  by  a  coimter-weight. 

The  mill  intended  for  rolling  muck-bar  and  finishing-bar  has  rolls  18  to  20 
in.  in  diam.,  makes  50  to  60  r  p.m.,  and  requires  about  60  h.p. 

Two-mGH  Reversing  Two-stand  (Roughing  and  Finishing)  Plate- 
mill. — The  illustrations.  Figs.  495-497,  represent  two  pairs  of  plate-rolls 
driven  by  a  reversing  engine;  one  pair  serves  for  roughing,  the  other  for  finishing 
the  plate.  Each  pair  of  rolls  has  stationary  feed-tables  with  live  rollers.  The 
plate  reduced  to  the  required  size  in  the  roughing  rolls  is  delivered  by  the  live 
rollers  on  to  a  pair  of  rails  over  which  it  is  pulled  mechanically  on  to  the 
feed-table  of  the  finishing-rolls.  The  engine-shaft  is  coupled  to  the  lower  of  a 
pair  of  pinions  with  herringbone  or  double-helical  teeth.*  The  lower  pinion  b con- 
nected with  the  lower  rolls  of  the  two  stands  by  the  usual  spindles  and  coupling- 
boxes.  In  the  roughing  train  the  upper  roll  needs  considerable  adjustment 
which  brings  the  connecting-spindle  much  out  of  line.  In  order  to  overcome 
this  difficulty,  the  ends  of  the  spindle  are  formed  into  a  spherical  wobbler,  and  the 
pinion-  and  roll-housings  are  placed  sufficiently  apart  so  that  the  angle  which  the 
spindle  makes  with  the  horizontal  does  not  exceed  1 5°.  The  bearing-boxes  of  the 
lower  roll  rest  on  the  bottoms  of  the  standards;  the  movable  boxes  of  the  upper 
rolls  are  forced  by  bell-crank  levers  and  counter-weights  against  the  screws 
passing  through  the  tops  of  the  housings.  The  adjustment  is  accomplished  by 
a  worm-gear;  the  adjustment  screws  carrying  spirally-toothed  wheels  are  rotated 
by  two  endless  screws  on  a  single  shaft  which  is  turned  by  handwheels.  In  the 
finishing-stand  there  is  no  balancing  of  the  upper  roll.  Its  box  rests  upon  that 
of  the  lower  roll,  and  the  sheet  upon  entering  the  mill,  lifts  the  upper  roll,  and 
this  drops  down  again  after  the  pass  has  been  made;  the  height  to  which  it  may 
be  raised  is  regulated  as  in  the  roughing  roll.  The  live  rollers  on  either  side  of 
a  stand  are  driven  by  a  single  reversing  engine  through  a  line-shaft,  spur-gean, 
counter-shaft  and  bevel  gears. 

^Munker,  Stahl  u.  Eisen.^  1911,  xxxi,  1620;  Iron  Age^  1912,  Lxxxix,  245. 

*Day,  Iron  Age,  191 1,  Lxxxvm,  1364.  | 
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Two-high  Reversing  Bloobung-mili.  {Figs.  498-501). — This  form  of  r 
permits  roughing  down  (blooming,  cogging)  ingots  with  one  set  of  rolls  to  a 
sizes  of  squares  and  flats  within  the  range  for  which  the  mill  has  been  coa-l 
structed.     The  main  differences  between  this  mill  and  the  roughing-stand  ofj 
the  preceding  reversible  plate-mill  are  the  form  and  adjustment  of  rolls,  and  thcg 


manipulation  of  the  ingot.  The  blooming-rolls  have  four  box-passes,  a  wide 
one  at  either  end  and  two  narrower  ones  near  the  center.  The  up[)cr  rolls  arc 
adjusted  by  means  of  a  hydraulic  screw ing-gcar.  A  rack  is  moved  to  and  fro 
by  a  direct-acting  horizontal  hydraulic  cylinder  that  is  attached  to  the  tops  of 
the  housings  of  the  helical  driving-wheels.     It  gears  with  a  pinion  the  shaft  of 
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■which  carries  a  large  cog-wheel  meshing  with  pinion-wheels  keyed  to  the  adjust-  ' 
ing  screws.  The  manipulator  has  four  fingers  (go-devils),  for  pushing  tit  | 
ingot  over  the  live  rollers  from  one  pass  to  another,  and  for  tilling  it.  Tit  I 
fingers,  Fig.  501,  are  bolted  to  a  carriage  which  is  moved  to  and  fro  parallel  with 
the  axes  of  the  rolls  by  a  horizontal  hydraulic  cylinder.  The  platform  upon 
which  the  carriage  travels  is  supported  by  a  piston  moving  up  and  donii  in  a 
vertical  hydraulic  cylinder,  the  platform  being  steadied  by  a  deep  flange  on 
the  lower  side  which  moves  telescope-fashion  in  a  socket.  Thus  the  four  fingns 
can  be  moved  to  and  fro,  and  up  and  down  between  the  live  rollers, 

A  40-in.  mill  is  generally  used;  the  rolls  are  30  and  34  in.  in  diam.  and  q6  in. 
long.    The  size  of  passes  ranges  from  24  to  4  in.  (the  r.p.m.  varies  from  10  to 


P'lG.  4(>i). — Two-high  tevcising  bloomiog  miH, 


125).  The  hydraulic  cylinder  for  operating  the  screws  has  become  obsolete, 
having  been  replaced  by  a  so-h.p.  motor.  The  mill-table  rollers  are  driven  by 
a  14X14  in.  reversing  engine;  the  peripheral  speed  of  the  rollers  is  from  30010 
400  ft.  per  min.  The  capacity  of  the  mill  is  i,aoo  tons  of  billets  4X4  in-i*'' 
1,800  tons  of  slabs  and  blooms.  The  horse-power  b  6poo.  Three  men  {roIlWp 
engineer  and  manipulator)  operate  the  mill. 

THHEE-incii  Blooming-mill  (Figs.  502-504), — The  roils  in  this  mill  W6 
fixed,  and  the  mill  produces  blooms  of  a  given  size.  The  engine-shalt  is 
coupled  with  the  central  helical  driving  wheel,  and  its  shaft  is  connected  with 
that  of  the  middle  roil  which  is  then  driven  direct,  while  the  upper  and  loviT' 
rolls  are  driven  by  the  spur-wheels  above  and  below  the  central  wheel.  Tht 
bearings  rest  one  upon  the  other  and  are  held  down  by  the  top  pin.    The  manip- 

^rs  have  the  same  form  as  in  the  preceding  mill.    The  tj 
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Fig.  505.— Three-high  (Lauth)  plate  mill 


Fic.  506.— Threr-high  (Lauih)  plate  mill. 
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rollers  and  ingot  tumbler  at  either  end,  are  raised  and  lowered  by  the  steam  or 
hydraulic  cylinder  on  the  left.  The  live  rollers  are  rotated  by  bevel-gearing; 
the  inain  shaft  sets  going  through  spur-gear  nine  rollers,  each  of  which  commu- 
nicates the  rotary  motion  to  two  or  five  rollers  on  the  opposite  side. 

A  40-in  mill  of  this  type  is  generally  used  in  a  rail-mill.  The  diamelet  ol 
rolls  is  30  and  34  in. ;  the  length  74  in. ;  the  size  of  passes  ranges  from  18  lo  9 
in.;  the  rolls  are  of  cast  steel;  they  make  65  to  70  r.p.m.  The  lifting  cylmdwrf 
the  tables  has  a  plunger  12  in.  in  diam.  and  a  stroke  of  5  ft.  6  in.;  the  table  lollra 
are  driven  by  a  12X12  in.  engine;  the  hydraulic  manipulator  cylinder  bas  1 
6.s-in,  plunger  with  a  6-ft.  stroke.  The  capacity  of  the  mill  is  i,ooo  lonsuf 
9X9  in.  rail  blooms  in  34  hr.;  three  men  operate  the  mill;  total  h,p.  rquircd 
is  6,000. 

THHEE-incn  (Lauth)  Plate-mill  -(Figs.  505-507). — This  is  a  sUndud 
type  of  large-size  plate-mill.  The  characteristics  are  a  fixed  large  bottom-rdl; 
a  balanced  top-roll  of  the  same  diameter  which  is  adjusted  by  top-screws  tbl 


i 


Fio.  507.— Three-high  (Laulh)  plale-mill. 
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are  rotated  from  one  side  by  a  handwheel  through  bevel  gears;  a  small  center- 
roll,  about  two-thirds  the  diameter  of  the  larger  rolls,  which  is  raised  and  le- 
ered by  a  hydraulic  or  steam  cylinder,  so  as  to  receive  alternately  from  the 
upper  and  lower  rolls  support  for  its  entire  length  against  the  bending  stress^ 
set  up  when  the  plate  is  being  rolled.  The  lifting-tables  with  live  rollers  are 
similar  to  those  in  the  preceding  mill  excepting  that  there  are  no  manipulalors. 
The  center-pinion  is  coupled  to  the  engine-shaft,  and  is  usually  smaller  than  l^f 
top-  and  bottom-pinions.  The  pinion-  and  roller- housings  are  some  distance 
apart  to  keep  the  angle  of  the  inclined  connecting-spindle  within  the  fixed  limit  iif 
is".  The  mill  combines  the  advantage  of  a  small-diameter  roll,  i.e.,oi  increas- 
ing the  length  of  a  plate  more  quickly  than  a  large  diameter,  with  the  slrcnglh 
of  the  large  diameter  roll. 
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The  diameter  of  the  large  rolJs  is  usually  34  in.,  that  of  the  small  1J.5  in.; 
the  rolls  are  chilled  cast-iron;  they  make  about  80  r.p.m.  The  hydraulic  fl- 
inders for  the  middle  rolls  have  1 2-in.  plungers.    The  hydraulic  lifting  cylinder 


of  the  table  has  a  i  J-in.  plunger  with  a  s-ft.  stroke.  The  rollers  are  driven  ^y 
i4Xi4-in  reversing  engines;  ihe  peripheral  speed  of  the  rollers  is  from  300'" 
350  ft.  per  min.  The  capacity  of  the  mill  is  14,000  long  tons  per  month,  U 
power  required  6,000  h.p, ;  four  men  operate  the  n 


r 

■  [or  ro! 


MECHANICAL  METALLVRGICAL  OPERATIONS 


S^lfl 


Two-niCH  Universal  Mill  {Figs.  5o8-5io).^Tliis  mill  serves  principally 

[or  rolling  steel  plates  of  special  sizes  which  are  long,  comparatively  narrow  (8 
to  42  in.)  and  thin  (0.25  in.).     The  plates  are  finished  with  square  and  straight 


edges  so  as  not  to  require  any  shearing.  As  is  the  case  in  the  ordinary  two-high 
plate  rolling-mill,  the  top  horizontal  roll  is  balanced  by  stay-rods,  levers  and 
counter- weights,  and  adjusted  by  screws,  while  the  bottom-roll  is  journaled  in 


664  GENERAL  METALLURGY 

fixed  bearings.  The  vertical  rolls  are  driven  by  bevel  gearing  set  in  motion  by 
a  shaft  having  at  one  end  a  spur-gear  meshing  with  another  keyed  to  the  shaft 
The  speed  of  the  vertical  rolls  is  guided  by  that  of  the  horizontal  rolls.  The  ver- 
tical rolls  must  travel  faster  than  the  horizontal,  because  the  piece  increases  in 
length  and  therefore  leaves  the  rolls  at  a  higher  speed  than  it  entered  them. 
This  diflference  in  speed,  which  depends  upon  the  reduction  a  piece  receives  m 
rolling,  is  taken  into  account  in  the  design.  The  actual  speed  given  is  usually 
somewhat  greater  than  the  theoretical.  In  order  to  make  the  reduction  by  a 
pass  independent  of  the  speed  of  the  vertical  rolls,  the  latter  are  often  driven  in- 
dependently of  the  horizontal  rolls.  The  adjustment  of  the  vertical  rolls  to 
enlarge  or  narrow  the  space  between  them  is  not  clearly  shown  in  the  illustra- 
tions. It  appears  to  be  as  follows:  The  short  horizontal  driven  shaft  carrying 
the  bevel  gear  at  the  right  end  is  hollow  and  has  grooves;  the  long  solid  dri\Tng- 
shaf t  passes  through  the  driven  shaft  and  has  splines  which  fit  into  the  grooves. 
The  vertical  rolls  can  separate  from  and  approach  each  other  and  at  the  same 
time  be  driven  from  one  main  shaft.  The  bearings  of  the  vertical  rolls  are 
carried  in  guides  and  adjusted  by  screws  having  gearings  2A  the  ends  which 
mesh  with  central  spur-wheels.  One  or  the  other  of  the  two  sets  of  gearings  is 
set  in  motion  by  means  of  a  lever,  and  thus  the  vertical  rolls  brought  doscr 
together  or  farther  apart.  The  side-guides  of  a  piece,  Figs.  509  and  510, 
follow  the  lateral  motion  of  the  vertical  rolls,  being  directed  by  fingers 
(eccentrics). 

The  horizontal  rolls  are  31  in.  in  diam.,  60  in.  long.  The  maximum  opening 
is  60  in.  The  vertical  rolls  are  17.5  in.  in  diam.  and  the  maximum  opening  56 in. 
Both  horizontal  and  vertical  rolls  are  of  chilled  cast-iron.  The  maximum  speed 
of  the  horizontal  rolls,  driving  the  finishing  pass,  is  120  r.p.m.  The  mill  is 
driven  by  a  double  55X60  in.  reversing  engine;  the  steam  pressure  at  the 
engine  is  usually  125  lb.,  hence  the  I.H.P.  is  5,000.  The  top-roll  is  raised 
and  lowered  either  by  a  hydraulic  cylinder  having  a  plunger  12  in.  in 
diam.  and  a  stroke  of  about  11  ft.,  or  an  electric  motor  of  50  h.p.  The 
steam  engine  for  the  mill-table  rollers  is  14X14  in.  and  the  speed  about 
150  r.p.m.  An  ingot  weighing  8,500  lb.  is  rolled  in  17  passes  to  a  plate 
48  in.  X0.25  in.  X200  ft.  The  capacity  of  the  mill  is  15,000  tons  per  month; 
five  men  run  the  mill. 

287.  Power  of  Rolling-mills. — In  the  six  examples  of  rolls  given,  hydraulic- 
or  steam-power  is  used  for  all  mechanical  purposes.  In  the  most  recent  mills 
electricity^  is  used  as  motive  power  excepting  for  the  driving  of  the  rolls, where 
steam  has  held  its  own;  electrically  driven  rolls  are,  however,  coming  into  use. 
The  power  required  to  drive  rolls  has  been  arrived  at  so  far  mainly  by  prec^ 
dent.  With  the  introduction  of  electricity  as  motive  power,  more  exact  knowl- 
edge as  to  power  consumption  has  become  necessary.     Knesche*  carried  along 


^  Ortmann,  Stahl  u.  Risen y  1909,  xxix,  1820. 

Wiley,  Iron  Age,  1909,  lxxxiv,  12. 
'Iron  Age,  1908,  lxxxii,  239;  Eng.  Mag.,  1910-11,  XL,  41,  233. 
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«me  investigations,  and  Ortmann'  published  an  abstract  of  the  first  report  of 
the  German  Commission*  investigating  the  subject. 


from  the  original  length  per  unit  of  energy  employed.  In  it  S  is  the  original 
KCtion,  5'  the  reduced  section,  and  L  the  original  length,  all  in  mm.,  and  E  the 
energy  consumed  in  kg.  m.  Table  204  gives  the  values  of  cu.  mm.  of  steel  dis- 
jrfaced  by  i  kg.  m.  of  energy  at  different  temperatures. 

Tabu  104. — Values  of  Steel  (Cu.  Mil)  Displaced  by  i  Kg.  M.  Enebcy  at  Diwerent 
Tehpekatuves 


Squa 

re  ingots  to 

\t  temperatures,  deg.  C 

hioo 

I  JOO 

1,000 

900 

80 
85 

4S 
SO 
60 

.0 

RoowU 

10 

10 

Rijb 

38S.  Parts  of  SolUng-mills.  t.  Housings  and  Foundations. — There 
ire  two  kinds  of  housings,  Figs,  s"  and  512,  one  for  the  pinions,  the  other  for 
iu  rolls.    Passing  over  the  former,  the  housings  for  rolls  were  formerly  made 


^usivdy  of  cast-iron,  had  closed  tops,  and  were  secured  by  wedges  to  flat 
*«i-plates;  Figs  490  and  491  are  of  this  type.     At  present,  cast-iron  is  often 

'SlaU  II.  Eiien.,  1909,  JtxxDt,  i. 

'Puppe,  op.eit.ip.  1204;  further,  Fuppe,  Slail  u.  Eisen,  sgit>,xxx,  :6ig,  1824,  1871;  1913, 
no,  6;  Iran  anil  SUd  I.,  Caroegie  Scholaiship  Memoir,  iqio,  u,  a?. 
HcTTmum,  Stahl  u.  Eisen,  tQit,  xxxi,  1706. 
Katons,  Tr.  A.  I.  M.  E.,  1904,  xxxrv,  541. 
Roberts,  Iron  Age,  1913,  lxxxix,  17. 
WliMtlejr,  Enf.  mag.,  1913,  xun,  53. 
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replaced  by  cast  steel,  at  least  in  the  larger  mills;  further,  the  housing  isnsniD; 
made  with  an  open  top  and  tied  by  a  steel  cap  that  is  secured  by  bolts  (Fig.  511). 
This  arrangement  facilitates  changing  of  rolls,  as  these  can  be  removed  qiMl; 
as  a  whole  and  replaced  by  a  spare  set.  The  modem  housing  has  grooved  fett 
fitting  on  or  into  projections  of  the  bed-plates  in  which  are  cut  grooves  toiectivt 
I-shaped  bolts  (Figs.  496,  500,  503,  511  and  513).  This  method  makes  kccpiiig 
in  line  and  shifting  of  housings  a  simple  matter.  A  rectangular  housing  has  t 
minimum  cross-sectional  area  of  0.23-0.33  D'  (diam.  of  roll),  the  ratio  of  widli 
to  depth  ranges  from  i  :  1.3  to  i  :  t.5;  the  face  is  made  i  1/8  D,  the  cap  at  its 


Fic.  513. — Plain  roll. 

weakest  point  has  a  cross-sectional  area  of  0.4-0.5  D*;  the  top-screw  is 
./4-1/3  D. 

The  foundation  for  the  housing  is  of  stone,  brick,  or  cement  concrete.  It 
consists  of  a  solid  block  on  which  are  erected  with  set-offs  two  parallel  mlli 
to  carry  the  two  bed-plates;  the  walls  are  from  3  ft.  thick  by  6  ft.  deq)  witli 
rod-mills  to  6  by  10  ft,  with  heavy  plate-mills;  in  the  passage,  from  a  to  4  "■ 
wide,  between  the  walls  there  are  left  open  recesses  for  the  lower  ends  of  tie 
anchor-bolts. 

Rolls. — In  a  roll,  Fig.  513,  there  maybe  distinguished  three  parts,  the  body 
or  barrel  a  with  which  the  roiling  is  done,  the  neck  6  on  which  the  roll  revdvts 
in  the  bearings,  and  the  star-shaped  coupling  (pod,  wobbler)  c  through  which 
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Fic.  514. — Forms  of  passes. 

the  roll  is  driven.  As  stated  in  £285,  the  body  of  a  roll  is  plane  when  only 
plates  or  sheets  are  to  be  rolled.  If  a  piece  is  to  be  rolled  into  a  definite  sh^i 
at  least  one  roll  of  the  pair  must  be  grooved. 

The  combination  of  the  groove  of  one  roll  with  groove,  projection,  or  pUne 
surface  of  another  roll  forms  a  pass.  Passes  have  various  forms,  as  shown  u 
Fig.  514.  Passes  A  and  B  arc  open,  as  the  grooves  are  evenly  distributed  be- 
tween the  top  and  bottom  roil;  >1  is  a  box-pass,  B  a  Gothic  pass.  Passes C 
and  D  are  closed  passes,  as  the  grooves  are  cut  deep  enough  in  the  lower  roll  to 
receive  the  projection  (or  former)  of  the  upper  one  which  closes  the  pass.  By 
thus  sinking  the  whole  pass  into  the  lower  roll  the  height  of  the  pass  can  be 


changed  by  raising  or  lowering  the  upper  roll  without  opening  the  pass.     Thel 
width  of  the  projection  ia  made  at  least  as  great  as  its  height.     Passes  £andF  1 
are  half-open  passes;  they  are  closed  on  one  side  and  open  on  the  other;  pass  J? 
appearing  to  be  open  is,  however,  half-dosed,  as  the  boundary-lines  are  too 
unevenly  distributed  between  top  and  bottom  to  class  it  as  open.    As  an  open- 
pass  roll  is  less  deeply  cut  than  a  closed  one,  it  is  stronger,  but  it  cannot  shape 
the  piece  so  accurately,  as  there  is  greater  tendency  to  "  finning,"  i.e.,  the  metal 
squeezing  out  between  the  crevices  of  the  upper  and  lower  rolls.    This  is  because 
the  metal  flows  outward  sidewise  more  readily  from  the  middle  of  the  side  than 
from  the  corner.    The  remedy  for  the  evil  is  to  roll  the  fin  back  into  the  piece 
before  it  grows  too  large  by  an  edging  pass,  i.e.,  turning  the  piece  go"  51 
bring  the  fin  against  the  solid  body  of  the  roll.     Finning  is  prevented  by  mak-  J 
ing  each  successive  pass  enough  wider  than  the  preceding  one  so  that  the  fin   • 
cannot  reach  the  crevice  between  the  rolls.     In  order  to  avoid  this  widening  of 
passes,  the  piece  is  turned  90°  when  the  former  width  becomes  now  the  depth 
(thickness),  and  the  flattening  out  is  begun  again.     With  Gothic  or  diamond 
passes,  since  the  piece  must  be  turned  90°  at  each  pass,  the  successive  passes 
must  be  so  proportioned  that  the  depth  (height)  of  one  pass  shall  be  a  little 
smaller  than  the  width  of  the  next.     Pass  G  is  an  unbalanced  pass.     It  deflects 
the  piece  horizontally  and  increases  the  friction  of  the  rolls  in  their  bearings. 
The  piece  on  leaving  the  rolls  tends  to  turn  toward  the  least  reduced  side,  and 
if  it  is  straightened  by  a  guard  it  is  likely  to  tear.    According  to  the  shape  of 
the  passes,  there  are  distinguished  Gothic  passes  {A),  flat  passes  (C  and  IT), 
diamond  passes  (/),  oval  passes  (/),  round  passes  (K),  polygonal  passes  {L),  I 
and  special  shapes  (rails,  angle-irons,  etc.).    The  angles  in  grooved  rolls  are   1 
not  as  sharp  as  shown  in  the  sketches,  being  rounded  off  somewhat;  this  is  | 
especially  the  case  with  the  passes  at  the  beginning  of  an  operation,  the  round* 
ing-off  growing  less  as  the  rolling  nears  the  finishing  passes. 

According  to  the  kind  of  work  that  the  rolls  are  intended  to  do,  there  are   j 
roughing  and  finishing  passes,  welding,  drawing,  shaping,  flatting,  edging, 
adjusting  passes,  etc,  and  the  rolls  are  called  roughing  rolls,  finishing  rolls,  etc. 

In  balanced  passes  the  piece  ought  to  emerge  straight  from  the  rolls;  it  may, 
however,  be  deflected  vertically  and  horizontally.  Vertical  deflection  is  caused  ] 
(i)  by  the  friction  of  the  collar  against  the  piece,  in  which  case  the  piece  tends  I 
to  adhere  to  the  deeper-grooved  roll;  (2)  by  one  roll  having  a  greater  circum- 
ferential speed  than  the  other,  in  which  case  the  piece  follows  the  slower  roll; 
(3)  by  having  made  the  diameter  of  the  groove  of  the  top  roll  greater  than  the 
diameter  of  the  groove  of  the  lower  roll,  in  which  case  the  top  surface  of  the 
piece  is  drawn  out  more  than  the  bottom  surface,  and  the  bottom  surface  curls 
downward:  (4)  by  the  piece  being  unequally  heated,  in  which  case  it  tends  to 
bend  toward  the  hotter  side.  Causes  r  and  2  are  corrected  by  guards.  It  is 
desirable  to  have  these  act  in  one  direction,  and  if  possible  downward.  In  a  two- 
high  mill  the  deeper  groove  should  be  placed  in  the  lower  roll,  and  the  higher 
circumferential  speed  given  to  the  u]»per  roll.  In  a  three-high  mill,  the  deeper 
grooves  should  be  placed  in  the  upper  and  lower  rolls,  and  the  middle  roll  given 
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the  higher  speed.  An  ordinary  guard  will  then  be  required  on  thelovHitA, 
and  a  suspended  guard  on  the  upper.  Horizontal  deflections  are  caused  bf 
unbalanced  rolls  and  by  unequal  heating.    Corrections  are  made  by  gukks. 

Rolls  are  made  principally  of  cast-iron,  occasionally  of  steel.  The  cist'iiia 
may  be  soft,  medium-hard  or  hard,  depending  upon  the  work  that  is  to  be  doSL 
Soft  rolls  should  be  made  of  tough  gray  iron  cast  in  loam  molds;  medium-luid 
rolls  of  mixtures  of  gray  and  white  iron  and  cast  in  chill  molds  coated  with  lau 
in  order  that  the  surface  may  become  only  partly  chilled;  hard  rolls  of  mottled 
iron  cast  in  bare  or  slightly  coated  chill  molds.  All  rolls  that  have  to  do  roQ{^ 
ing  work  (blooming -rolls)  should  be  soft;  the  grooves  are  often  purposely  rou^ 
ened  to  assist  in  gripping  the  metal.  Rolls  with  shallow  grooves  for  me 
sized  work  are  made  of  medium-hard  iron  provided  that  turning  down  to  tbt 


z 

: 

-  - 

: 

; 

: 

: 

-- 

- 

- 

/ 

-- 

\ 

: 

■ 

/ 

; 

J 11 

1 

/ 

/ 

/    1    1 

1 

1 

1 

\ 

? 

'  '  '  '  i  ; 

/  ,   1   1   1   1   ! 

1 

\ 

/  ' 

1 

/       •      ' 

1 

/      ':      \      ■ 

/ 

i   1   1    i   i   : 

-^     F     1     1    i     1 

J 

!J 

J>  I   i   i   ;   i   ;   ;   ; 

i 

:b_ 

siaulslslal^l^lsls; 

iis;Ei8l8iS!6!| 

J!_ 

Fic,  515. — Curve  for  plotting  length  of  loU. 


approximate  form  of  the  casting  does  not  penetrate  the  chilled  surface.  Fin- 
ishing rolls  are  made  of  hard  iron.  Steel  rolls  were  formerly  confined  to  coW- 
rolling  of  soft  metal;  at  present  steel  is  used  with  hot  metal,  when  the  roll  most 
bo  strong  and  not  too  thick,  or  when  it  has  sharp  comers  that  would  crumbk  if 
the  roll  were  of  cast-iron.  The  steel  is  medium -carbon,  0.50  to  0.75  per  out-; 
usually  it  is  cast,  sometimes  it  is  forged;  nickel-steel  rolls  are  used  in  souk 
in.stahces.  The  steel  of  rolls  may,  of  course,  not  be  chilled,  as  the  hot  meUl 
pa.ssing  through  them  would  draw  the  temper. 

The  (liametiT  of  rolls  varies  with  the  work  they  have  to  do,  from  say  7  i"' 
with  wire-mills  to  48  in.  with  blooming-mills.  As  the  power  required  forrolBiig 
is  proportional  to  the  square  root  of  the  radius  of  a  roll  and  to  the  thicknesofi 
bar,  the  diameter  of  a  roll  is  made  as  small  as  is  consistent  with  safety. 


MECBANICAL  METALLURGICAL  OPERATTONS 

The  length  of  a  roll  will  be  governed  by  the  bending  stress  set  up  in  i 
lecting  the  weight,  the  length  may  be  considered  as  depending  upon  ti 
ing  moment,  and  this  varies  with  the  cube  of  the  diameter.    Brovort'  gives  the  | 
curve  shown  in  Fig.  515  to  find  the  length  of  roll  for  a  given  diameter.    It  is  ^ 
based  upon  examples  taken  from  practice;  the  original  scale  given  in  cm.  has  not   , 
been  changed  into  in.,  as  the  curve  representing  empirical  data  would  have 
be  re-drawn,  and  for  this  the  data  are  not  given.    Taking  a  roll  80  cm.  ( =31.5   1 
in.)  in  diam.,  first  find  the  place  on  the  abscissa;  the  corresponding  ordinate  cuts 
O'tt    80^X31 


the  curve  at  221  cm.;  now  the  section  modulus 


=  50.176;  dividing 
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this  by  3ir  gives  the  desired  length,  227  (  =  89  in.).     In  general,  the  length  of  9,  I 
roll  is  rarely  less  than  two  or  more  than  four  times  the  smallest  diameter. 

The  diameter  of  the  neck  =0.58  D  (diam.  of  roll)  with  small,  =0.55  D  with.  J 
medium,  =0.53  D  with  large  rolls;  the 
length  is  equal  to  the  diameter.  The 
diameter  of  the  wobbler  is  3/8  to  5/8  in. 
smaller  than  that  of  the  neck,  the  length 
I  1/2  in.  greater  than  the  diameter  of  the 
neck. 

In  a  grooved  roll  the  center  section 
will  be  the  weakest.       In  order  tomake  ihe 
roll  strong,  deep  grooves  will  be  placed    f'o-  5; 
near  the  ends  and  shallow  ones  near  the 

center,  thus  approaching  the  theoretical  circular  beam  of  uniform    strength  | 
which  is  the  paraboloid,  shown  in  Fig.  516. 

The  speed  given  to  a  roll  depends  mainly  upon  the  size  and  temperature  of  J 
the  piece  that  is  to  be  rolled.     A  large  piece  exerts  a  greater  shock  upon  entering  J 
the  rolls  than  a  small  one,  as  the  force  of  the  blow  caused  by  it  is  proportional  ' 
to  the  square  of  the  surface-speed  of  the  rolls;  hence,  considering  the  power  re- 
quired and  the  wear  and  tear  upon  the  machinery,  large  rolls  are  run  more 
slowly  than  small  ones.    Also,  the  slower  the  speed,  the  less  power  will  be 
required  to  induce  a  flow  of  metal  and  the  more  effective  will  be  the  deformation. 
As  regards  temperature,  a  large  piece  is  never  so  hot  as  a  small  one,  and  the 
finishing  temperature  must  be  high  enough  for  the  metal  to  be  soft.     Thus 
slabbing-mills  make  20  to  30  r.p.m.,  three-high  blooming-mills  50,  rail-mills  in 
the  finishing  pasties  100,  and  rod-mills  from  60  lu  t, 200  r.p.m. 

Pinions. — The  teeth  of  pinions  have  to  be  strong  to  enable  them  to  stand 
strains  and  especially  sudden  shocks.  Formerly  they  were  made  straight,  Figs. 
490  and  491,  running  across  the  full  width  of  the  face  as  in  cog-wheels.  In 
order  to  give  them  the  requisite  strength  their  number  had  to  be  small,  but  this 
is  not  compatible  with  smooth  running.  At  present,  therefore,  herring-bone 
or  double- heUcal  teeth,'  Fig.  511,  are  used  with  which  there  arc  no  shocks,  as  the 
rolling  motion  is  continuous.     Pinions  are  made  almost  exclusively  of  cast  steel; 

o^  cii..  p.  7. 

D.ty,  Iran  Agt,  igii,  Lxxxviit,  1364. 
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smaller  ones  are  cast  in  one  piece.    The  larger  ones  have  a  core  on  to  which  is 
keyed  the  toothed  shell.    The  diameter  of  the  pitch  circle  is  made  smaller  tlian 
the  diameter  of  the  roll  in  view  of  the  necessity  of  this  being  turned  down  who 
worn.    The  length  of  the  neck  is  i  1/3  diam.  of  the  pitch-circle;  the  pitch  with 
the  smallest  rolls  is  i  X  ^r,  with  the  largest  2  X^,  and  with  plate-rolls  even  a.sX*. 
Coupling-box. — This  is  a  cast-iron  or  soft-steel  hollow  cylinder  whfch 
usually  has  four  prongs,  as  shown  in  Fig.  517.    On  one  side  it  receives  the  coup- 
ling spindle,  on  the  other  the  wobbler  of  the  roll.    A  coup- 
ling spindle  is  made  3  1/2  to  4  times  as  long  as  its  diameter, 
I  1/2  to  2  1/2  in.  play  being  left  between  the  ends  to  be 
connected;  the  coupling-box  is  1/2  in.  longer  than  twice  the 
length  of  the  wobbler,  its  thinnest  part  is  1/4  to  1/3  the 
diameter  of  the  wobbler;  there  is  1/2  in.  play  between  the 
wobbler  and  the  box. 
Fig.  517.— Coupling         HANDLING    OF    Metal.^ — ^The    fore-plate,    rest-plate, 
box.  guide  and  guard  of  a  mill  have  been  referred  to  in  con- 

nection with  Figs.  490  to  494;  additional  reasons  for  r^ 
quiring  guards  have  been  given  on  p.  667. 

Tongs  are  used  if  a  piece  is  light  enough  for  one  man  to  lift;  if  heavier  than 
50  lb.,  hand-levers  (m.  Fig.  490)  come  into  play,  as  ^ith  these  a  man  can  handle 
weights  of  300  to  400  lb.  Should  the  weight  be  greater  than  600  to  900  lb., 
two  men  each  with  a  lever  can  work  together.  Instead  of  this,  the  suspension 
rod  or  chain  of  the  lever  can  be  raised  and  lowered  by  power  and  thus  the  diffi- 
culty overcome  in  a  more  satisfactory'  way  as  the  lever  has  only  to  be  directed 
by  hand.  With  still  heavier  pieces  or  in  large  mills,  lifting  tables*  with  live 
rollers.  Figs.  502  to  507,  are  generally  used  for  handling.  Sometimes  tables, 
instead  of  being  lifted  front  and  back  at  the  same  time,  are  supported  each 
near  the  middle  by  a  shaft  journaled  at  the  ends,  when  front  and  back  are  alter- 
nately raised  and  lowered.  In  reversing  rolls,  where  there  is  no  lifting,  station- 
2LTy  tables.  Figs.  495  to  501,  are  common;  dead  rollers  are  used  when  the  piece  is 
to  be  moved  by  hand.  One  form  of  manipulator  for  handling  and  lifting  ingots 
on  a  table  has  been  represented  in  Figs.  502  to  504;  a  skid  for  transferring  a 
plate  from  the  roughing  to  the  finishing-rolls  is  shown  in  Figs.  495  to  497;  trans- 
fer tables  accomplish  this  mechanically. 

Rolling-mill  Engines. — The  strain  put  on  a  rolling-mill  engine  is  severe 
on  account  of  the  irregularity  of  the  load  which  becomes  suddenly  a  maximum 
when  the  piece  enters  the  roll  and  a  minimum  after  a  pass.  With  non-reversing 
engines  this  inequality  is  equalized  by  a  heavy  flywheel.  The  Porter-Allen 
engine  with  its  high  piston-speed,  large  weight  of  reciprocating  parts,  suitable 
cut-off  of  boiler-steam  and  shut-off  of  exhaust-steam,  and  sensitive  governor 
dirtHTt-conntTtt^i,  has  become  the  leading  engine  for  non-reversing  rolling-mills. 
With  reversing  mills  compound  engines  with  piston-valves  are  used,  as  they  never 
come  to  rest  at  a  dead-point. 

*  Siauhor.  StM  u.  Fisen,  loor.  XXMI,  965;  190S.  xxix,  1009,  1089. 
* :>fjhl  H.  £V.<tw,  1909.  xxix,  049. 
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289.  Reduction  of  Metal  by  Rolls. '^In  discussing  reduction,  it  is  con-  j 
venient  to  consider  separately  the  gripping  and  drawing-in,  the  lengthening  and  j 
flattening,  and  the  reduction  of  sectional  area. 

Gripping  and  Drawing-in. — If,  in  Fig.  518,  a  bar  be  placed  against  a  pair  ] 
of  moving  rolls,  a  radial  pressure  P  will  be  exerted  upon  it.    This  resolves  j 
itself  into  two  components,  the  vertical  a  =PX  cos  0  which  causes  the  reduction 
of  area  and  the  friction  between  roll  and  bar,  and  the  horizontal  6=/'Xsin  ^ 
which  lends  to  prevent  the  bar  from  entering  the  rolls.     As 
long  as  the  friction  resulting  from  a  is  greater  than  b,  the  bar 
will  pass  through  the  rolls,  and  will  be  rolled  if  it  is  plastic,  or 
broken  if  brittle.     Now  a  and  b  are  functions  of  1^;  with  0=o 
we  have  6  =  0,  i.e.,  the  bar  will  readily  pass  through  the  rolls  as 
long  as  its  thickness  is  not  greater  than  the  distance  between 
the  rolls.     The  angle  0,  I'.f.,  the  pressure  required,  increases 
with  a  thicker  bar,  or  with  rolls  of  a  smaller  diameter,  as  in     ^vort  of  toIU.    ' 
either  case  b  becomes  larger.    But  the  arc  AB  increases  with 
the  diameter  of  the  roll,  and  as  the  friction  between  bar  and  roll  is  propor- 
tional to  the  surface,  it  follows  that  with  a  greater  diameter  of  the  roll  there 
is  an  increase  in  the  power  to  draw  in  the  bar.     This  shows  that  rolls  of  large 
diameter  nip  more  readily  than  those  of  small  diameter;  also  that  thin  bars  are 
more  readily  nipped  than  thick  bars.     Practical  experience  has  shown  that 
under  ordinary  conditions  a  bar  will  not  be  nipped  by  a  smooth  roll,  if  its  thick- 
ness exceeds  one-tenth  the  diameter  of  the  roll  on  entering  and  one-twentieth 
after  passing  the  roll,  or  if  the  angle  0  is  smaller  than  30  deg. 

Lengthening  and  Flattening.* — If  a  cube  of  a  brittle  substance  be  sub- 
jected in  the  direction  of  one  axis  to  a  gradually  increasing  pressure  until  it 
breaks,  it  will  theoretically  be  found  to  have  split  into  six  pyra- 
mids, ail  of  which  have  their  apices  in  the  center  of  the  cube. 
If  the  brittle  substance  has  the  form  of  a  cylinder  (say  a  stearin 
candle),  there  will  be  formed  two  cones  (Fig.  519)1  joined  at  the 
apices  and  with  the  bases  coinciding  with  the  pressure  planes, 
while  the  material  outside  of  the  cones  will  have  shelled  off. 
J  If  the  brittle  substance  is  a  rectangular  block  instead  of  a 
cylinder,  there  will  be  formed  two  truncated  pyramids  joined  at 
"^- S'9-  ^],g  smaller  bases.  If  the  body  subjected  to  pressure  is  a  plastic 
brittle  cylindet  ""^'^'i  ^^^  pressure  cones  or  pyramids  will  also  form  as  with 
brittle  material;  but  instead  of  shelling  off,  the  metal  will  flow 
from  the  apices  to  the  bases  of  the  cones  (cups)  or  pyramids.  The  formation 
of  these  can  be  seen  in  pulling  apart  an  iron  rod  in  a  testing  machhie,  when  one 
surface  of  fracture  will  have  a  convex,  the  other  a  concave  form  only  as  shown 
in  Fig.  510;  the  part  that  flowed  from  one  cone  has  adhered  to  the  other. 

If  a  metal  is  subjected  to  pressure  between  rolls,  two  small  cones  form  in 

the  line  in  which  the  pressure  is  being  exerted,  while  the  rest  of  the  metal  flows 

'  F&lk,  SlaU  u.  Eiien.  1910,  xx\,  ig86;  igii,  xxxn,  816,  639. 

'  SiiM,  Slaht  u.  Eistn,  1910,  xxx,  41;;  viticiun,  o^.  m(.,  igio,  xxx,  766,  141; 


672 


GENERAL  METALLUBGY 


out  in  the  other  two  directions  so  that  it  becomes  lengthened  and  flattenei 
The  lengthening  of  the  metal  in  rolling  is  represented  in  Fig.  521.  Let  ff  andi 
be  the  thickness  of  the  bar  before  entering  and  after  leaving  the  rolls.  In  pass- 
ing from  H  to  A,  the  bar  is  compressed  by  the  arcs  AB  and  CD  of  the  rolls. 
The  radial  pressure  of  the  rolls  causes  the  formation  of  pressure  cones  ABE  and 
CDE.  If  the  rolls  move  through  the  arc  FB=GD,  the  bar  of  the  sectioQ 
BFEGD  will  be  drawn  through  the  rolls  and  leave  them  at  BD.  As  a  rectanj^ 
of  the  length  BF  and  the  height  h  is  smaller  than  the  surface  enclosed  by  BFBGDf 
its  length  must  become  larger  than  BFy  or  the  length  of  a  bar,  after  being  rdled, 

is  greater  than  the  arc  of  the  roll  that  did 
the  work.  It  can  be  proved  that  the 
difference  in  velocity  of  a  bar  entering  and 
leaving  rolls  is  the  greater  the  smaller  the 
diameter  of  the  rolls,  or,  rolls  of  small  diameter  increase  the  length  of  a  bar 
more  quickly  than  those  of  large  diameter.  Therefore  in  rolling  small  rods 
(which  cool  very  quickly)  the  diameter  of  the  rolls  will  be  made  as  small  as  can 
be  without  danger  of  breaking. 

The  flattening  of  the  metal  is  shown  in  Fig.  522.  Suppose  a  flat  bar  of 
width  B  and  thickness  H  is  rolled  down  to  thickness  Hi.  With  a  pressiw- 
cone  angle  a,  the  metal  outside  of  the  cone  occupying  the  area  will  hzvt 
flowed  out  and  will  occupy  the  area  defgh.    The  rectangle  degk,  representing 

the  increase  in  width,  is  equal  A  abc—A  efg;  hence  the  increase  in  width  (fe= 
defg     abce-fg 


Fig.  520. — Square  test  piece. 


Hi 


Hy 


This  proves  that  the  flattening  of  a  bar  is  dependent  only  upon 


its  thickness  before  and  after  a  pass,  and  is  independent  of  its  width.    If  the 
amount  of  flattening  of  a  bar  has  been  found  experimentally,  the  pressure-cone 


Fig.  521. — Lengthening  of  metal  by  rolls.  Fig.  522. — Flattening  of  metal  by  rolls. 

angle  oc  can  be  calculated;  or,  given  the  angle,  the  width  can  be  determined. 

c                   Tj        '       u              •          ^^o.,       ^      1X0.25-0.75X0.1875 
Supposmg  //  =  i  m.,  Hi  =  o.'js  m.,  and  «  =  45  ,  thende  = 

o*7S 
=0.15  in.  on  either  side.     Practical  experiment  shows  that  a  bar  flattens  the 

more  the  lower  its  temperature;  hence  the  pressure-angle  must  decrease  with 

the  temperature. 

In  rolling  a  plate  between  smooth  rolls  or  a  rod  in  an  open  pass,  the  edges 

become  uneven  and  ragged  and  have  to  be  trimmed  later  on.     If  in  a  closed 

pass  there  is  not  sufficient  room  to  allow  for  the  flattening  out  of  the  piece, 

considerable  lateral  pressure  will  be  exerted  by  it  on  the  collar  (flange)  unless 

special  precautions  are  taken  to  round  off  the  form  of  the  groove. 


so 

« 

; 

% 
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Reddction  of  Sectional  Area. — The  reduction  of  the  sectional  area  of  a 
metal  in  rolling  may  not  exceed  a  certain  amount  without  tearing  of  the  metal. 
The  greater  the  reduction  the  greater  the  saving  in  labor  (because  fewer  passes 
are  needed),  and  to  some  extent  in  power  (because  the  metal  is  hotter  and  hence 
softer).  The  permissible  reduction  depends  on  the  temperature  and  resistance 
of  the  piece,  the  power  of  the  rolls,  and  the  ratio  of  size  of  rolls  and  of  piece.  It  I 
thus  varies  greatly,  and  is  a  matter  of  practical  experience.  ] 

Wrought  iron  or  low-carbon  steel,  being  usually  hotter  and  always  softer  I 
than  high-carbon  steel,  can  stand  a  greater  reduction;  it  will  also  be  more  drawn  I 
out  and  less  flattened.     Rolls  of  large  diameter 
can  exert  a  greater  pressure  and  nip  better  than 
those  of  small   diameter;   but   the  larger  the 
diameter  and  the  slower  the  speed  the  more  will 
they   flatten   the  piece  and   the   less  will  they 
lengthen  it.     Other  things  (temperature,  hard- 
ness, section  of  piece)  being  equal,  the  resistance 
to  rolling  will  be  smallest  if  the  reduction  is 
distributcdevenlyoveranumberofpasses.     If^    P'°-  S*3 -Reduction  of  metal  in 
is  the  section  of  the  original  piece;  Bi=xH,  the 
section  after  the  first  pass;  Hi  =  x*H,  after  the  second  pass;  Hn  =  x^H  =  h, 

after  the  nth  pass;  then  a:  =  W- is  the  reduction  factor.    A  simple  example  by 

AngstrSm'  shows  its  application.     Supposing  that  a  plate  120  mm.  in  thickness  ■ 
is  to  be  reduced  to  6  ram,  in  18  passes  with  a  constant  reduction  factor,  then 

x=  xj--  =0.84668,     In  Fig.  5^3  the  upper  curve  represents  graphically  this 

reduction.  Thus  120X0.84668=  101.6  mm.  is  the  size  to  which  it  is  reduced 
by  the  first  pass,  101.6X0.84668  =  86,0  mm.  that  by  the  second  and  so  on. 
On  account  of  the  increasing  hardness  of  the  piece  in  rolling,  the  lower  curve 
(by  Grcsser*)  with  an  increasing  reduction  factor  is  more  satbfactory  than  the 
upper  one  with  a  uniform  factor. 

With  grooved  rolls'  the  matter  becomes  more  complicated,  as  the  grooves 
turned  in  a  roll  will  weaken  it  more  at  the  center  than  at  the  ends. 
Therefore  the  larger  grooves  should  be  put  in  the  ends  and  the  smaller  ones  near 
the  center.  If  the  curve  of  reduction  has  been  drawn,  it  will  have  to  be  dis- 
tributed over  the  number  of  pairs  of  rolls  that  arc  to  be  used,  and  in  each  pair 
the  reduction  in  the  middle  will  have  to  be  smaller  than  at  the  ends.  This  will 
give  the  reduction  cur\'e  the  form  of  a  serpentine  line. 

The  reduction  in  area  by  a  pass  ranges  from  3  to  50  per  cent.;  30  per  cent,  is 
a  large  figure;  20  per  cent,  is  common  with  steel  rails  at  the  start,  falls  of!  to 
15  and  12  per  cent.,  and  is  very  small  toward  the  dnishing  passes. 

'Om(.  Jakrb.,  1891,  xxxw,  373. 
•  BUss,  5(4jU  u.  Eittn,  iSSi,  tr,  iSq. 
'  Talel,  Slahl  u.  Ehtn,  1909,  xxoi,  649.  1 

Tuppe,  ibid.,  1679. 
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390.  Forging  with  Hammers  in  GeneraL' — In  this  operation  a  metal  is 
shaped  by  the  mechanical  effect  of  a  blow  or,  as  stated  in  §284,  by  applying 
pressure  quickly  and  releasing  it  before  the  metal  has  yielded  to  it.  In  rolling, 
the  pressure  is  applied  slowly  and  released  only  after  the  metal  has  yielded 
to  it.  Hence,  shaping  a  metal  by  means  of  the  intermittent  action  of  i 
hammer  will  progress  more  slowly  than  by  the  continuous  action  of  roDs, 
especially  as  the  forging  effect  may  extend  only  a  small  distance  beyond  the 
upper  and  lower  surfaces  of  a  piece,  because  otherwise  it  would  tear  it.  On  the 
other  hand,  a  piece  can  be  made  to  assume  a  variety  of  forms  in  cross-  and  kn- 
gitudinal  sections  not  practicable  in  rolling.  Rolls,  therefore,  will  be  used  to 
turn  out  cheaply  and  quickly  a  large  production  of  uniform  section;  hammers  to 
forge  at  a  higher  cost  a  smaller  quantity  of  metal  which  may  vary  greatly  in 
section.  However,  hammering  can  furnish  a  better  product,  as  the  finishing 
temperature  and  the  force  of  the  blow  to  be  given  are  under  control  of  the  ope- 
rator.   Each  method  has  its  own  field. 

The  mechanical  effect  of  the  blow  of  a  hammer  at  the  moment  of  impact  is 

,  in  which  Af  =  mass  (t.«.,  W,  weight,  divided  by  g,  acceleration  of  graivty), 

and  V  the  velocity  at  the  time  of  impact  {v^igh,  A  =  height  of  fall).  According 
to  the  formula  a  heavy  hammer  falling  through  a  short  distance  should  have  the 
same  effect  upon  a  piece  as  a  light  hammer  falling  through  a  long  distance  as 

long  as  the  —  of  the  two  is  the  same.    The  fact  is  that  the  forging  effect  of  the 

light  hammer  extends  only  a  short  distance  beyond  the  surface  in  comparison 
with  that  of  the  hea\'y  hammer. 

In  the  following  example  two  hammers  I  and  II  of  the  same  cross-section, 
having  different  weights  and  falling  different  heights,  are  supposed  to  act  upon 
two  pieces  of  metal  of  the  same  composition  and  form.  It  is  assumed  that  the 
resistance  to  deformation  by  both  hammers  is  the  same,  say  200,000  lb. 

Table  205. — Effect  of  Light  and  Heavy  Hammers 


Hammer 


II',  Weight  of  hammer,  pounds 10,000                              5iOoo 

Falling  distance,  feet i                                      2 

Work  done,  foot-pounds 10,000                             10,000 

F,  Resistance  of  piece  to  deformation,  assumed  200,000                           200,000 
to  be  constant,  p>ounds. 

r.  Velocity  at  impact  ^  \^  21K  feet \/2X32.  2X1=803  \/iX^2X2  =  "  35 

.1,  Retardation  of  velocity  of  hammer  until  it  . 

comes  to  a  rest  =  ,,  ^      .  feet  per  sec.  ^^>«^««_X32  i  ^^          ^PO????><3^  ^,,88 

M  \mass)  loooo               ^^  ,           5000 

Thi-  >amo  oxi>ressod  in  time,    /  =     ,  sec...  ^^ ^o  01247      I     ^'"'^^^o  00881 

^  644                ^'      !      1288 


'  Kisihcr.  Hanimors  and  Presses  at  the  Exposition  of  DUsseldorf,  Zi,  Ver,  daUsck.  iHt 
tOOJ,  XI.VI,  1384. 


«7Sl 

The  table  shows  under  the  above  assumption,  that  the  resistance  is  the  1 
same  in  both  cases;  the  lighter  hammer  (II)  falling  a  longe*"  distance  comes  ] 
to  rest  more  quickly  than  does  the  heavier  hammer  (I)  falling  a  shorter  distance,  i 
As  the  resistance  of  the  metal  to  flowing  depends  to  a  certain  extent  upon  time;  i 
the  time  required  by  the  hammer  to  come  to  a  rest  will  govern  its  forging  effects 
the  heavier  hammer  will  cause  a  greater  deformation  than  the  lighter.  There-  J 
fore,  with  large  forgings  heavy  hammers  will  be  used  and  light  ones  with  small 
forgings.  With  the  latter  the  energy  of  the  blow  may  be  increased  by  admitting  , 
steam  above  the  piston  on  the  downward  stroke.  i 

Of  the  total  energy  exerted  by  the  head  of  a  hammer,  part  goes  into  the  piece  < 
to  be  forged,  part  into  the  anvil;  the  larger  the  weight  of  the  hammer-head  in 
proportion  to  the  weight  of  the  anvil,  the  greater  «t11  be  the  forging  effect  upon    ' 
the  piece.  i 

291.  Forge -hammers. — These  may  be  broadly  classed  as  lever-hammers  and 
direct-acting  or  stamp-hammers. 

Lever-hammers. — In  lever-hammers,  the  head,  attached  to  one  end  of  ii 
horizontal  shaft,  is  raised  vertically  through  a  small  arc  by  a  rotary  cam-shaft, 
and  then  allowed  to  drop  on  to  the  piece  on  the  anvil.  According  to  the  manner 
of  raising,  these  hammers  may  be  divided  into  tilt-  and  helve-hammers.  In  a 
tilt  {or  trip-)  hammer  the  hammer-stock  is  pivoted  as  a  lever  of  the  first  order; 
the  head  is  fixed  to  the  end  of  the  larger  arm,  and  the  cam  acts  upon  the  shorter 
one.  In  a  helve-hammer,'  the  hammer-stock  is  pivoted  as  a  lever  of  the  second 
order,  that  is,  the  head  and  the  point  of  attack  for  the  cam  are  on  the  same  side 
of  the  fulcrum.  With  a  nose-  (frontal-,  tenant-)  helve,  the  head  is  placed 
between  the  fulcrum,  at  one  extremity,  and  the  lifting-cam  which  acts  at  the 
other;  with  the  belly-helve,  the  positions  of  head  and  cam  are  reversed. 

Lever-hammers  have  become  about  obsolete  on  account  of  the  fact  that  the 
faces  of  anvil-  and  hammer-head  can  be  parallel  only  in  a  single  position,  and  that 
the  height  of  the  lift  and  with  it  the  size  of  piece  are  confined  to  narrow  limits. 
Tilt-hammers  were  used  mainly  for  drawing  down  iron  and  steel  into  rods;  they 
are  still  employed  for  necking  light  forgings.  Tenant-helves  were  commonly 
used  for  shingling  or  making  blooms  from  puddle-balls;  they  have  been  largely 
replaced  by  squeezers.  Belly-helves  served  for  general  forge-work,  but  they 
have  become  obsolete. 

Direct-acting  or  Stamp-hammers. — These  have  different  forms,  such  as 
drop-hammers,  board  drop-hammers,  power-spring  hammers,  pneumatic  ham- 
mers, etc.  They  are  passed  over,  as  they  are  used  mainly  in  small  and  light 
die-forgings.' 

The  leading  form  of  metallurgical  hammer  Is  the  steam-hammer.  This 
is  essentially  a  power-hammer  moving  vertically  between  guides  and  delivering  a 
blow  on  a  piece  placed  up  on  an  anvil.     It  consists  of  four  parts,  a  supporting 

'Eglcston,  Tr.A.l.M.E.,  1880.  vui,  515.  Plalcsvi,  vii,  vtu. 

■  Woodworth,  J.  v.,  "Drop  Forging,  Die  Sinking  and  Machine  Forming  of  Sleel,"  Henley 
PubL  Co.,  New  York,  1911. 

PUnt  of  A.  O.  Smith  Co.,  Milwaukee,  Wise., /run  Tr.  Rn.,  igu,  u,  gis- 
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frame-work,  a  vertical  steam-cylinder  with  valve-system  carried  by  the  frame, 
a  hammer-block  (or  tup)  which  forms  the  lower  part  of  the  piston-rod  passiof 
downward  through  the  cylinder-head,  and  the  anvil  mounted  on  a  suitable 
foundation. 

The  form  of  the  frame,  or  stand,  and  the  material  of  which  it  is  made  depend 
upon  the  weight  of  the  hammer.  With  small  hammers  weighing  say  less  than 
0.5  ton,  a  single-frame  stand  of  cast-iron,  which  frequently  carries  the  anvil 
(Fig.  524)  also  is  common.  When  the  hammer  weighs  from  i  to  30  Um^t 
cast-iron  double  stand  is  used;  part  of  it  carries  the  guides  (Naysmith)  between 
which  the  hammer-block  ascends  and  descends  (Fig.  525) ;  with  heavier  hammers 
the  doublestand  is  often  built  of  structural  steel. 


Fig.  524. — Single-frame  Naysmith 
steam  hammer. 


Fig.  525. — Double-frame  Naysmith 
forging  hammer. 


The  anvil.  Fig.  525,  consists  of  two  parts,  the  anvil-block,  a  heavy  iron  casting 
of  the  form  of  a  truncated  cone  or  pyramid,  and  the  anvil-die,  of  steel  or  chilled 
iron,  fitted  into  the  block  by  a  dove- tail  joint  and  wedges.  The  weight  of  the 
anvil-block  is  large  in  comparison  with  that  of  the  hammer-block,  from  10  times 
with  general  forge- work  to  30  times  with  heavy  work.  The  foundation  must  be 
correspondingly  heavy. ^  It  is  customary  to  place  between  the  concrete  foun- 
dation and  the  anvil-block,  or  the  bed-plate  carrying  the  block,  heavy  timbers 
laid  crosswise,  as  these  distribute  the  force  of  a  blow  evenly  upon  the  concrete 
and  furnish,  at  the  same  time,  an  elastic  cushion  which  weakens  the  jar. 

The  hammer-block,  Fig.  525,  consists  of  two  parts,  the  cast-iron  tup,  which 
gives  the  required  weight,  and  the  steel  or  wrought-iron  hammer-head;  the  tvo 
are  fitted  with  dove-tail  groove  and  wedges.    The  shape  of  the  forged  piece 

'  Anon.,  Iron  Trade  Rev.^  1909,  xuv,  ^ij. 
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(square,  round  or  octagonal)  will  depend,  in  part  upon  the  mode  of  operating,  ' 
in  part  upon  the  form  given  to  the  surface  of  the  anvii-dieand  the  hammer-head. 
The  inverted  cylinder  differs  from  the  ordinary  form  in  the  valve-system, 
in  that  the  motion  of  the  valves  is  controlled  by  hand,  Figs.  524,  525  and  516. 
According  to  the  manner  of  admitting  steam,  hammers  are  classed  as  single-  * 
or  direct-,  and  double-acting.     In  a  single-acting  hammer  steam  is  admitted  I 
only  on  the  lower  side  of  the  piston  to  raise  the  hammer-head;  it  is  then  auto-  I 
matically  shut  off  and  the  exhaust-port  opened  when  the  hammer  falls  by  gravity,  f 
In  the  double-acting  hammer  steam  is  admitted  also  on  the  upper  side  of  th*  J 
piston,  whereby  the  rapidity  of  the  fall  and  force  of  the  blow  are  increased.  J 


Fig.  536. — Double-ErBEne  Morrison  forging  hammer. 

In  order  to  deliver  a  gentle  blow  the  exhaust-steam  below  the  piston  may  be 
throttled  so  as  to  act  as  a  cushion.  Most  modern  two-stand  hammers  are  of 
the  Naysmith,  or  guided-ram,  type.  Figs.  524  and  525,  i.e.,  the  falling  weight 
is  concentrated  in  the  hammer-block  which  travels  on  parallel  guides  attached 
to  the  stands  below  the  steam-cylinder,  and  the  piston-rod  is  of  relatively  small 
diameter.  In  the  other,  Morrison  or  guided-rod,  type,  Fig.  526,  the  falling 
weight  has  the  form  of  a  large  cylindrical  bar  of  which  the  piston,  situated  near 
the  middle  of  its  length,  is  an  integral  part.  The  bar  extends  above  the  piston 
and  passes  through  the  upper  cylinder-head,  being  guided  by  this  as  well  as 
by  the  lower  head.  This  type  of  hammer  is  used  for  work  that  is  high  or 
irregular  in  shape,  as  it  furnishes  much  more  room  than  does  a  hammer  of  the 
guided-ram  type. 

Nearly  all  steam-hammers  are  double-acting;  the  valve-motion  is  usually 
so  fitted  that  the  hammer  can  be  worked  as  wngle-  or  double-acting,  that  the 
stroke  can  be  adjusted  to  the  thickness  of  the  piece,  and  the  exhaust  controlled 
to  give  a  light  cushion  or  a  heavy  dead-stroke  blow.      The  latter  method 
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is  applied,  e,g,y  in  drop-forging^  with  die-faced  shapes  of  the  exact  form  of 
the  finished  piece.  Fig.  524  represents  a  single-frame  guided-ram  hammer. 
The  leading  data  are  given  in  Table  206. 


Table  206. — Single-frame  GumED-RAii  Hammers 


• 

Face  of 

Usual  die 

C.  of  die 

Size, 
pounds 

Diam., 
inches 

Stroke, 
inches 

ram, 
inches 

face, 
inches 

to  frame 
inches 

Steam, 
inches 

Exhaust, 
inches 

Wdght, 
pounds 

200 

• 

5 

16 

5  X  7i 

4  X  7 

"J 

li 

2 

4400 

250 

5 

16 

5iX  7i 

4JX  7 

17\ 

li 

2 

S,a» 

400 

6 

19 

6X9 

5  X  8i 

IS 

li 

2 

7.700 

600 

7 

22 

7  Xii 

5   Xii 

I7i 

2 

2§ 

11,000 

800 

8 

25 

8  X13 

6  Xi2i 

20 

2 

2§ 

14,000 

1,100 

10 

28 

8§Xi3i 

6  X13 

33} 

»i 

3 

19,000 

1,250 

II 

30 

9  X13I 

7   X13 

23I 

ii 

3 

23/X» 

1,500 

12 

33 

9  X16 

7  Xi4i 

25 

A 

3 

28,000 

2,000 

13 

36 

10  X17 

8  X16 

27i 

2\ 

3 

35,000 

2,500 

14 

39 

ioiXi7l 

8  X17 

30 

3 

4 

42,000 

3,000 

15 

42 

10JX19 

8JX18 

33 

3 

4 

49,000 

3,300 

15 

42 

9iXi6 

8  X16 

38 

3 

'  4 

55,000 

3,500 

16 

45 

II   X19 

8iXi8 

33 

i\ 

4i 

56,000 

4,000 

17 

42 

12   X20 

9  X20 

SZ 

i\ 

4J 

65,000 

4,500 

18 

42 

'  13   X2ii 

10  X21 

48 

4 

5 

75,000 

5,000 

20 

48 

14     X22i 

11    X22 

48 

:  4 

5 

85,000 

A  special  form  is  the  tilting-hammer  used  for  drawing  down  tool-steel  into 
flats,  squares,  octagons  and  rounds.  It  is  made  exceedingly  heavy  and  delivers 
a  large  number  of  uniformly  powerful  blows  in  quick  succession,  e.g,^  400  per 
min.,  by  having  the  valve-gear  so  arranged  that  there  is  practically  no  variation 
in  the  length  of  stroke. 

Fig.  525  is  a  t>-pical  form  of  double-frame  guided-ram  forging-hammer. 
The  important  dimensions  and  weights  are  given  in  Table  207. 

The  illustration  stands  also  for  a  drop-hammer  designed  for  die-forging, 
swaging  and  cutting  off.  The  narrow  double  frame  is  held  together  by  ^rings 
under  the  nuts  to  prevent  breakage  due  to  continued  concussions.  It  is  adapted 
to  give  single  or  successive  dead-blows,  or  to  run  automatically. 

The  20-ton  steam-hammer  of  the  Latrobe  Steel  Works,'  and  the  3S-ton 
hamnuT  of  the  Howard  Axle  Works'  belong  to  this  t>T)e. 

Fig.  526  represents  a  double-frame  forging-hammer  of  the  guided-rod,  or 
Morrison,  typo. 

'  Iron  .Iji^v.  Anon.,  looS.  Lxxxii,  308. 
' /r.»«  A^c,  iSoo,  XLV.  405. 
'  Op.  i;/.,  June  jo,  igoi.  p.  10. 
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Table  207. — Double-frame  GumED-RAii  Hammers 


Size, 
pounds 


Diam., 
inches 


Stroke, 
inches 


600 

7 

22 

800 

8 

25 

1,000 

10 

28 

1,250 

II 

30 

1,500 

12 

33 

2,000 

13 

36 

2,500 

14 

39 

3,000 

IS 

42 

3,500 

16 

45 

4,000 

17 

48 

4,500 

18 

48 

S,ooo 

20 

54 

6,000 

20 

54 

6,000 

22 

54-60 

7,000 

23 

60-66 

8,000 

24 

60-66 

10,000 

25 

66-72 

12,000 

26 

72 

14,000 

28 

72 

16,000 

30 

84 

20,000 

34 

96 

Greatest 

die 

surface 

of  ram, 

inches 


7  Xii 

8  X13 
8iXi3J 

9  Xi3i 
9  X16 

0  X17 
oiXi7l 
oiXi8| 

1  X20 

2  X21 

3  X22I 

4  X24§ 

5  X25I 
5  X25J 
7  X26I 

7  X28I 

8  X31 
8  X32 

8  X34 

9  X36 
20  X38 


Usual 

die  face, 

inches 


5 
6 

6 

7 
7 
8 
8 


Xii 
Xi2i 

X13 
X13 
Xi4i 
X16 

X17 
8JX18 

8iXi9 
9  X20 
X22 

X24 
X25 

X2S 
X26 
X28 
X30 
X31 
X33 
X35 
X38 


Distance 

between 

frame, 

feet 


3i 
3i 

4 

4i 

5 

5l 
6 

6i 

61 

7 

7* 
8 

8J 

8J 

9 

9i 
10 

xo} 

III 
12I 

i4i 


Steam, 
inches 


2 
2 

2i 
2* 
2| 
2i 

3 

3 

3i 

3J 

4 

4 

4 

4 

5 

5 

5 

5 
6 

6 
7 


Exhaust, 
inches 


2* 
2i 

3 

3 

3 

3 

4 

4 

4i 

4i 

.5 

5 

5 

5 

7 

7 

7 

7 
8 

9 

12 


Weight 

without 

anvil, 

pounds 


7,000 

8,000 

9,000 

10,000 

13,000 

15,000 

19,000 

24.000 

28,000 

30,000 

33,000 

35,000 

45,000 

48,000 

52,000 

57,000 

70,000 

85,000 

105,000 

120,000 

140,000 


292.  Mode  of  Operating.^ — The  usual  steps  in  the  operation  of  shaping  a 
piece  with  a  hammer  are  the  heating,  holding  and  forging.  The  heating  is 
carried  on  in  reverberatory  furnaces  direct  or  gas-fired.  The  latter  are  fre- 
quently provided  with  Siemens  regenerative  chambers.  Care  is  to  be  observed 
in  firing  to  have  the  flame  more  reducing  than  oxidizing  so  as  to  diminish  scal- 
ing.    Muffle-furnaces  are  the  exception. 

Pieces  sufficiently  small  for  one  man  to  lift  are  manipulated  with  tongs  fitted 
to  them.  For  heavier  pieces,  lifting-tongs  (dogs)  suspended  from  an  overhead 
runrter  carry  the  weight,  while  the  piece  is  guided  by  hand  and  turned  on  the 
anvil  by  means  of  suspended  hand-levers  (m  in  Figs.  490  and  491).  For  very 
heavy  pieces,  the  porter-bar*  is  convenient;  a  long  rod  provided  at  one  end  with 
jaws  in  which  an  ingot  is  secured  by  bolts,  at  the  other  with  handles  for  manipu- 
lation, and  at  the  middle  with  a  sheave  around  which  passes  an  endless  chain 
for  suspension  of  the  load  from  a  jib-crane  or  an  overhead  trolley.  With  the 
heaviest  pieces,  additional  mechanical  apparatus  become  necessary. 

*  Bacon,  J.  L.,  "Elementary  Forging  Practice,"  Wiley,  New  York,  1904. 

Homer,  "  Die  forging,"  Engineering,  1901,  Vols,  ucxi  and  Lxxn;  1902,  Vol.  Lxxra. 
'  Harburd-IIall,  "Steel,"  Lippincott,  Philadelphia,  191 1,  Vol.  ii,  p.  844. 
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In  forging  a  piece  that  is  to  be  much  drawn  out,  it  is  often  necessary  to  be^ 
work  near  the  middle  and  complete  it  before  attacking  the  ends,  as  in  this  case 
only  the  ends  of  the  elongated  piece  will  have  to  be  re-heated,  and  this  can  be 
done  without  any  difficulty.  If  the  work  is  begun  at  one  end,  later  on  tbe 
piece  may  be  too  long  to  permit  heating  the  center  in  a  given  furnace. 

A  piece  receives  several  transitional  forms,  while  it  is  being  forged,  bcfwe 
it  can  be  given  its  finished  shape.  These  forms  are  produced  by  certain  manipu- 
lations,^ a  few  of  which  may  be  given. 

Drawing-down  and  Spreading. — If  the  hammer-head  strikes  a  piece  of 
metal  a  pressure-cone  will  form  at  the  point  of  impact,  and  the  metal  will  flow 
from  the  apices  to  the  bases  (see  §289).     If  the  metal  is  to  be  drawn  out,  the 
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oblong  faces  of  the  hammer-head  and  working-anvil  ought  to  be  narrow,  and  the 
piece  to  be  held  at  right  angles  to  the  faces  or  in  the  direction  in  which  it  is  to  be 
drawn.  Fig.  527.  The  unevenness  of  the  surface  is  then  smoothed  by  spreading 
as  seen  in  Fig.  52 7a. 

Upsetting  or  Jumping. — Fig.  5276  illustrates  the  means  of  reducing  the 
length  of  a  piece  by  endwise  blows,  and  thickening  or  spreading  laterally. 

Shouldering  (Fig.  527c). — The  cross-section  of  a  piece  is  reduced  at  one 
place  by  striking  and  turning  over  after  every  blow  so  as  to  form  a  shoulder;  the 
metal  of  the  neck  flows  back  into  the  piece. 

Bending  (Fig.  527^). — The  piece  is  placed  on  two  supports,  and  the  fuller- 
ing tool  placed  on  the  point  where  the  bend  is  to  start. 

Cutting  (Fig.  527^). — A  cutter  (or  hot-chisel),  a  tool  triangular  in  cross- 
section  and  having  a  blunt  edge,  is  forced  through  the  piece. 

PuN(  HiNG  (Fig.  527/). — A  collar,  higher  than  the  thickness  of  the  piece  and 
larger  in  diameter  than  the  punch,  is  placed  under  the  piece  and  the  punch.   A 

*  Bcckcrl,  Th.,  *'Lcilfadcn  rur  Eiscnhiittcnkundc,*'  Springer,  Berlin,  1909,  Vol.  m,  p.  i67' 


short  truncated  cone  longec  than  the  thickness  of  the  piece  is  forced  through  it 
with  the  big  end  down. 

393.  Forging  with  Hydraulic  Presses.' — The  presses  used  for  shaping  metal  ] 
are  of  a  great  variety  and  are  worked  in  diSerent  ways  as.  E.g.,  by  means  of  I 
levers,  screws,  eccentrics,  toggles,  etc.;  here  only  presses  worked  by  water-  j 
pressure  will  be  briefly  considered. 

Large  ingots  are  now  almost  always  forged  with  hydraulic  presses  instead  of   | 
with  hammers,  as  the  latter  have  several  disadvantages  which  make  them  ill-  j 
suited  for  the  work.     Some  of  these  are:     (i)  A  large  part  of  the  energy  exerted 
by  a  blow  is  dissipated  into  the  anvil-block  and  surrounding  parts,  while  with  a 
.  press,  in  which  the  hydraulic  cylinder  and  base 
are  rigidly  connected,  all  the  energy  goes  Into 
the  forging.     (2)  The  effect  of  the  sudden  blow 
of  the  hammer  extends  only  a  short  distance 
beyond  the  upper  and  lower  surfaces  of  a  piece; 
that  of  the  enduring  squeeze  of  the  press  goes 
deeper,  hence  the  piece  is  worked  more  thor- 
oughly and  more  quickly  by  the  press;  further, 
since  the  press  can  take  a  cooler  ingot,  it  can 
work  more  accurately  to  dimensions  and,  with 
steel,  nearer  the  critical  range.     (3)  Theplantis 
more  expensive.     While  a  press  costs  more  than 
a  hammer  of  equivalent  power,  the  anvil-block 
of  the  latter  with  its  immense  foundations,  and 
the    larger    steam-plant    required,    make   the 
pressing-plant  in  the  end  the  cheaper. 

The  essential  structural  parts  of  a  press, 
Fig.  528,  are  a  heavy  cross-head  a  and  base- 
plate b  joined  by  four  circular  macluned  steel 
columns  c.  The  cross-head  contains  the  hy- 
draulic press- c>' Under  d  with  its  ram  or  plunger 
e  which  carries  by  means  of  the  tool-holder/  the 
upper  die  g  and  the  subsidiary  cylinders  k 
(hydraulic  or  steam)  for  lifting  the  ram  when  the  water  in  the  press  has  been 
released.  The  base-plate  carries  the  lower  die  t  and  the  four  steel  columns  c 
which  take  up  the  tensile  strain  and  serve  as  guides  for  the  tool-holder  as  it 
rises  and  falls.  Presses  are  cla,ssed  as  being  low-pressure  and  high-pressure; 
the  former  exert  a  maximum  pressure  of  about  1,000  lb.  per  sq.  in.  and  serve 
to  raise  weights;  the  latter  reach  about  8,000  lb.  per  sq.  in.  and  do  the  hot- 

'  Gkutier,  Bull.  Soc.  Ind  Win.,  Ste.  ^ticrnic,  t88g,  ni.  Sjg. 
DaelcD,  5ldM  H.  Eisen.  i8ga,xn,  S7,  1S5;  tSgS.xvm.  314. 
Twedell,  Enil.  InsL  Civ.  Eh[.,  iSq4,  cxvii,  t;  SlaU  u.  Eheti,  1894,  xiv,  900. 
Fischer,  Zt.  Ver,  deuUch.  Ing.,  igoi,  XLVl,  IJ84. 

Maclca,  Oeit.  Zt.  Berg,  lliitteniu.,  191 1,  lc(,  541.  S53.  5T>,  617.  644,  6s8;  iqii,  lA.fiSg, 
701.  710,  739- 

llofmann,  F.  J.,  "Die  Hydraulischcn  Schroicdcpresscn,"  Sjiringcr,  Berlin,  igu. 
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pressing  and  cold-pressing  of  metal.  Forging  presses  have  a  range  in  sx 
from  600  to  14,000  tons.  With  high-pressure  work  the  pressure-cylinder  most 
be  of  steel,  as  cast-iron  aUows  water  to  percolate  when  a  pressure  of  about 
3,000  lb.  per  sq.  in.  has  been  reached;  special  attention  must  be  given  to  the 
form  of  valve  and  to  the  kind  of  packing.  There  are  three  classes  of  presses: 
I.  Presses  with  Water-pressure  irom  ak  Accdmtjlator. — Water  it 
pumped  into  an  accumulator,  loaded  with  a  dead  weight,  and  drawn  off  idus 
required,  thus  causing  the  pressure-piston  to  descend  re^arly  and  coDtimi- 
ously.    The  Baare  forging  press,'  Fig.  528,  may  serve  as  an  example.    Thee 


Fic.  519. — Prott  and  Seelhoff  pneumatic  accumulator. 


arc  two  pairs  of  pumping-engines  ser\ing  two  accumulators.  One  with  witer 
iitkUt  ii  [iri'ssiiri;  of  8,000  lb.  per  sq.  in.  serves  the  press-cylinder.  It  has» 
rriill-SwliiotT  i»neumatic  accumulator'  to  avoid  the  shocks  that  would  be 
caused  by  the  nionicntum  of  the  falling  weight  with  an  hydraulic  accimiul«t« 
when  tlu' csc;i[ If- valve  is  suddenly  closed.  ItisrepresentedinFig.  539,  inwhidi 
.1  is  the  iiir-cyiindcr  with   hollow  cast-steel  plunger  a,  B  the  water-cylindo 


Tr.A.I.  .\[.  1 

.  lSQ2-a^.  sxi,  336- 

'rdir  -SetihalT 

Sliihl  u.  Ei<en,  1891, 

IWlcn,  Tr.A. 

/.  .U.  £.,  i8g.-9i,xx 
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viUi  plunger  &  having  i/io  the  area  of  a;  hence,  if  the  pressure  in  vl  be  soatm., 
tnd  water  from  the  pump  is  forced  tlirough  e  into  B  so  as  to  raise  a  and  b,  the 
ptcKUre  in  B  will  be  500  atm.  Wbeo  water  is  forced  into  B,  the  air  in  j4  will 
be  annpressed;  when  water  is  taken  out  of  B,  the  air  wiU  expand  and  drive 
the  plunger  downward,  but  without  shock.  F  and  F'  are  auxiliary  air-tanks 
wUdi  may  be  cut  oS  or  connected  by  valves,  as  at  /,  to  increase  the  air-space 
nd  thus  diminish  proportionally  the  range  of  pressure  in  A.  Air  is  forced 
into  A  from  a  compressor  connected  at  t.  In  order  to  prevent  any  leakage  of 
lir  through  the  plunger  a,  a  sheet-iron  cylindrical  vessel  k,  connected  with  the 
lir-cylinder  A ,  is  placed  in  it,  and  the  annular 
tpvx  filled  with  oil  to  above  the  oQ-gauge  g, 
through  which  the  oU  is  introduced.  The 
pump  is  engaged  or  disengaged  by  means  of 
M  and  fl.  The  secoad  accumulator,  with 
water  under  700  lb.  pressure,  is  loaded  in  the 
Usual  way;  it  serves  to  lift  the  cross-head. 
The  ram  in  the  press-cylinder  is  not  of  uni- 
foim  diameter,  the  upper  part  having  an  area 
1/3  that  of  the  lower.  By  admitting 
pressure-water  of  nearly  4  tons  per  sq.  in.  to 
tlie  larger  cylinder,  or  to  the  smaller,  or  to 
both  at  the  same  time,  three  working 
pressures  of  4,000,  3,700  and  1,300  tons  re- 
spectively, in  the  proportions  of  3  : 2  :  i  can 
be  obtained.  The  valve-motion'  is  managed 
by  a  single  lever.  At  the  first  movement 
tie  water  from  the  press-cylinder  is  released  - 
and  the  press-head  raised;  at  the  second,  all  > 
Valves  are  dosed  and  the  head  remains  sta- 
tionary; at  the  third,  low-pressure  water  is 
admitted  to  bring  the  head  down  to  the 
piece;  at  the  fourth,  high-pressure  water  is  Fig 
admitted  to  work  the  piece.  As  many  as  30 
strokes  per  nun.  can  be  had  when  light  finishing-work  is  being  done. 

2,  Presses  with  Water-pressuke  Direct  from  Pump. — A  simple  form 
rf  this  press  is  that  of  Kamp  &  Co.  sketched  in  Fig.  530.  The  larger  press- 
blinder  a  and  the  smaller  single  lift-cylinder  b,  each  with  its  water-connection, 
uepUced  one  on  top  of  the  other.  The  power  of  the  press-plunger  c  is  increased 
w  diminished  by  having  the  pressure-pump  make  a  larger  or  smaller  number 
)f  strokes;  the  cross-head  d  of  the  lUt-plunger  e  is  joined  by  connecting-rods  / 
»  the  tool-holder  g.  In  order  to  obtain  a  uniform  delivery  of  pressure-water, 
he  piston-rod  of  the  steam-cylinder  operates  two  or  three  water-plungers  by 
neans  of  a  crank  and  a  two-  or  three-throw  crank-shaft.     The  Allen  press* 


mp  4  Co.  hydraulic  press. 


'  D«den,  Tr.  A.  I.  M.  £., 
»  TV.  .*.  1.  M.  E.,  189S-93, 


:89i-93,  XXI,  2}g. 

3tl,  337;  /.  /.  and  St.  /.,  1 


II,  61. 
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works  on  a  similar  principle.  The  14,000-ton  Whitworth  press'of  Bethlehem 
Pa.,  for  the  hquid  compression  of  steel  belongs  to  this  class  of  machines  as  does 
the  Vickers*  8,000-ton  press,  and  the  Haniel-Lueg  press  made  by  the  Mesta 
Machine  Co.,  Pittsburgh,  Pa.* 

3.  Presses  with  Hydraulic  Steau  Intensipier. — In  this  class  of  machines 
the  pressure  is  obtained  directly  from  a  steam-piston  and  the  prolongation  erf 
its  rod  which  forms  the  plunger  of  a  hydraulic  cylinder.  The  press  of  Breuer, 
Schumacher  and  Co.,*  shown  in  Fig.  531,  is  a  machine  with  a  dngle-acting  steam 
intensifier.  The  prolongation  of  the 
piston-rod  in  the  vertical  steam- 
cylinder,  a  forms  the  plunger  in  the 
hj'draulic  intensifying  cylinderfr;  the 
■"pressure-"'ater  is  conducted  through 
pipe  c  into  the  press-cylinder  enclosed 
ill  tlie  cross-head  rf;  the  areas  of  the 
cylindLTs  are  so  proportioned  that 
steam  of  60  to  80  lb.  per  sq.  in.  in  a 
wili  produce  a  pressure  of  2  to  3  tons 
per  sq.  in.  on  the  plunger  in  6;  e  is 
the  ram,  /  the  tool-holder,  g  the  die, 
h  the  base-plate,  i  the  steam  Ufting- 
cylinders  connected  by  rods  with  the 
tool-holder  /,  k  and  /  pipes  con- 
nccted  with  an  overhead  water-tank. 
Water  is  admitted  to  b  and  d 
"  through  valves  which  open  down- 
ward, but  are  closed  again  when  b 
and  d  are  under  pressure ;  the  ad- 
mission and  cut-off  of  steam  are 
regulated  at  the  back  (not  shown) 
through  a  lever  raised  and  lowered 
by  hand.  In  starting  the  operation,  the  lever  is  depressed  and  steam  admitted 
to  cylinder  a.  This  raises  the  piston  and  with  it  the  plunger  which  forces  water 
from  b  into  d  and  causes  the  working  ram  to  move  downward.  The  lever  is  now 
raised;  this  cuts  off  the  steam  supply  and  exhausts  the  steam  in  a;  the  result 
is  that  the  piston  a  and  with  it  the  plunger  b  fall  by  gravity,  and  release  the 
pressure  in  pipe  c.  In  order  to  raise  the  ram  e,  steam  is  admitted  into  the  lift- 
cylinders  (',  when  the  rising  ram  d  forces  the  water  above  it  back  into  cylinder  b. 
The  ram  sinks  again,  when  steam  under  cylinder  »  is  exhausted;  the  vacuum 
created  above  it  is  filled  by  water  flowing  in  through  supply-pipe  k;  steam 


'  Howe,  "Steel,"  p.  155;  Tr.  A.  I.  M.  E.,  1907,  xxvi 

*  Ettglneering,  1897,  LXIV,  557. 

*/ro»  Age,  1911,  Lxxxvn,  48,  1471;  Iron  Trade  Ra., 

*  Slohl «.  Eisen,  i39i,xll,  155;  1897,  xvn,  357;  1S99,  xe 
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DOW  again  admitted  under  a.    The  press  used  as  a  shear  is  described  by 


en/ 

294.  Wire-drawing.* — This  is  the  operation  of  reducing  the  cross-section 

increasing  the  length  of  a  wire  by  drawing  it  through  a  succession  of  conical 

holes  in  a  die-plate,  each  hole  a  little  smaller  than  the  preceding  one. 

end  of  the  wire  is  sharpened,  passed  through  the  hole  and  connected  with 

which  pulls  through  the  rest  of  the  wire.    The  flow  of  metal  in  drawing 

Q|q[)osite  in  direction  to  that  in  rolling,  as,  instead  of  the  top  and  bottom  of  a 
being  forced  onward  by  the  friction  between  the  two  surfaces  and  the  rolls, 
4he  Mctional  resistance  between  the  entire  bar  and  the  die  holds  back  the  sur- 
and  allows  the  center  to  pass  on;  thus  the  curves  in  Fig.  486  for  rolling  would 
4c  reversed  for  wire-drawing. 

The  power  that  may  be  applied  in  drawing  must  of  course  always  be  smaller 
tiian  the  tensile  strength  of  the  metal ;  its  range  is  from  40  to  80  per  cent,  of  the 
•btter.  As  the  tensile  strength  of  a  metal  decreases  with  a  rise  of  temperature, 
metals  are  always  drawn  cold.  The  resistance  a  wire  offers  to  drawing  is  gov- 
erned by  the  hardness  of  the  metal,  the  intended  reduction,  the  form  of  the  hole 
in  the  die,  and  the  speed  of  drawing.  As  the  hardness 
d'  a  metal  is  increased  by  working,  wire  has  to  be 
annealed  at  intervals  when  it  is  drawn,  and  in  order  to 
inevent  oxidation  by  the  air  the  wire  is  heated  in  a 
closed  vessel  which  is  sometimes  filled  with  illuminat- 
ing gas.  The  reduction  permissible  by  a  pass  is  small; 
the  reduction-factor  is  with  soft  iron  0.90,  steel  0.95, 
brass  and  copper  0.925,  silver  0.85;  i,e.y  if  the  diameter  before  rolling  is  i,  it  will 
be  reduced  by  the  first  pass  with  soft  iron  to  0.90.  The  reduction  may  be 
greater  with  smaller  sizes  than  with  larger  ones.  The  hole  in  the  die-plate,  as 
shown  in  Fig.  532,  has  the  form  of  two  truncated  cones  joined  at  their  bases; 
the  cone  through  which  the  wire  enters  will  be  pointed.  In  order  to  reduce 
friction,  the  wire  is  lubricated  with  tallow  or  oil  for  coarse,  with  soapy  water 
for  medium,  and  with  starch-water  for  fine  sizes.  The  speed  of  drawing  ranges 
from  100  to  300  linear  feet  per  min.  The  die-plate,  which  is  1/4  to  i  in.  thick, 
is  made  of  white  cast-iron  for  large  sizes  and  of  high-carbon  steel  (2.3  per  cent. 
C.)  for  medium  and  fine  sizes,  and  has  a  number  of  holes.  Holes  in  cast-iron 
dies  when  worn  are  reamed  out  for  the  next  larger  sizes,  in  steel  plates  they  are 
narrowed  by  hammering  and  then  enlarged  to  the  required  size  by  driving  in  a 
punch.  The  finest  sizes  of  wire  (0.00 1  in.)  are  drawn  through  bored  rubies  or 
diamonds  set  in  soft  metal,  the  setting  being  held  in  a  steel  disc.  Wire-gauges 
are  given  on  p.  535. 

The  apparatus  for  drawing  is  intermittent  or  continuous.  With  the  former, 
the  wire  is  drawn  through  one  die  at  a  time;  with  the  latter,  used  only  for 
fine  sizes,  the  wire  passes  through  a  succession  of  dies  the  number  depend- 


FiG.  532. — Die-plate. 


*  Tr,  i4.  /.  if.  E.f  1892-93,  XXI,  324. 

'Smitb,  J.  B.,  "Wire,  Its  Manufacture  and  Uses,"  Wiley  &  Sons,  New  York,  1891. 
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ing  upon  the  amount  of  reduction  the  wire  can  stand  before  it  has  to  be 
annealed. 

Fig.  533  represents  two  intermittent  wire-drawing  machines  on  a  single 
bench.  A  coil  of  rod  from  the  rolling-mill,  suitably  prepared  by  pickling  to 
remove  scale  and  washing  to  remove  acid,  is  placed  over  the  reel,  D.  One  end 
having  been  sharpened  is  passed  through  the  draw-plate,  C,  which  is  pivoted  to 
the  bench  by  the  bolt,  c.  It  is  then  grasped  by  nippers,  pulled  through  suffi- 
ciently to  allow  fastening  to  the  cast-iron  drum  or  block,  A.  This  is  rotated 
through  connecting-pin,  b,  by  bevel-gearing  driven  from  the  main-shaft,  B, 
and  draws  the  wire  through  the  plate  and  coils  it  up.  The  rotation  of  the  drum 
is  stopped  (when  the  rod  is  to  be  fastened  or  when  one  pass  has  been  made)  by 
placing  the  foot  on  the  pedal,  <i,  which  raises  the  drum  sufficiently  to  disconnect 


Th*  win  (!■■■■  Inm  D  thnmth  C  to  A. 

Fic,  533- — Intermittent  wire-drawing  machine. 

it  from  b.    An  improved  form  is  shown  in  the  Carrol  Friction  Block,'     Draw- 
benches  do  not  coil  up  the  wire. 

A  continuous  wire-drawing  machine  (Rankin  &  Ludington)  is  shown  in  Fig. 
534.  It  has  four  dies,  each  followed  by  a  revolving  flanged  wheel,  and  one 
finishing-die  next  to  the  main  drum  which  is  connected  to  a  vertical  shaft  rotated 
by  bevel-gearing.  The  wire  coming  from  a  reel  is  passed  through  the  first  die, 
the  one  farther  from  the  drum,  then  wound  twice  around  the  first  flanged  wheel 
which  gives  it  the  grip  necessary  to  draw  it  through  the  die;  it  is  then  passed 
through  the  second  die  and  wound  again  twice  around  the  second  wheel  and  so 
on.  As  the  length  of  the  wire  is  increased  with  the  reduction  of  the  cross-sec- 
tion, the  second  wheel  must  be  rotated  faster  than  the  first,  the  third  faster  than 

'Iron  Age,  190S,  LXXXU,  19G.  Examples;  Standard  Machinery  Co.,  Providence,  R  I., 
Iron  Age,  1909,  Lxxxiv,  ijgo;  Humphrey  &  Son«,  JoUet,  III.     Op.  cil.,  1910,  lxxxv,  97^. 
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the  second,  and  the  fourth  faster  than  the  third.    Allowance  has  to  be  made  in 
the  bcreasing  r.p.m.  for  a  small  amount  of  slip. 

Fig.  535  represents  an  Eight-block  Tandem  Wire-drawing  Machine  of  the 
Waterbuiy  Machine  Co.,  Waterbury,  Conn.  It  draws  at  one  time  from  eight 
putts  ei{^t  brass  or  copper  wires  continuously  through  13  dies  over  34  rolls, 
4.5iiLdiam.,  starting  with  No.  16  and  finishing  with  No.  2g'B.  Sc  S.  gauge. 


Fig.  5J4. — RuJtin  and  Ludington  continuous  wice-drawing 


C.  LIQUIDS 
295.  Moving  Liquids  In  General — The  liquids  that  have  to  be  moved  in 
metallurgical  plants  vary  in  character.  They  are  either  clear  water,  or  water 
charged  with  sand  and  slime,  or  charged  with  salt,  acid  or  alkali.  The  object 
of  moving  the  liquid  may  be  to  raise  it  to  a  higher  level,  to  agitate  it  in  order  to 
keep  solids  in  suspension  or  cause  them  to  go  into  solution,  to  force  it  through 
resistances  such  as  a  filtering  medium.     Reciprocating,  rotary  and  centrifugal 


Flo.  S3$. — Eight-block  tandem  w 


pumps,  injectors,  compressed-air  apparatus,  and  siphons  are  used  for  this  pur- 
pose. The  material  of  which  they  are  constructed,  beside  having  to  be  of  suffi- 
cient strength,  must  be  suited  to  the  character  of  the  liquid.  Thus  cast-iron 
is  the  common  material  for  a  pump;  wrought  iron  and  steel  serve  for  injectors 
and  some  compressed-air  apparatus.  In  many  cases  iron  lined  with  hard-lead, 
tin,  etc.,  has  done  well  with  corroding  solutions;  tobin  bronze  will  resist  a 
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weak  acid,  especially  dil.  H2SO4;  glass,  stone-ware,  and  earthen-ware  have  been 
employed  with  more  or  less  success  in  pump-construction. 

396.  Reciprocating  Pumps.  ^ — ^A  reciprocating  pump  may  be  a  piston-  or 
plunger-pump.  In  a  piston-pump,  Fig.  536,  the  water  is  moved  through  a 
cylinder  by  the  action  of  a  solid  piston-head  fitting  tightly  into  it;  in  a  plunger- 
pump,  Fig.  540,  the  water  is  displaced  by  a  solid  plunger  traveling  loosely  in 
a  cylinder,  but  fitting  tightly  in  a  ring  or  stuffing-box  in  some  part  of  the  cylin- 
der. Piston-pumps  are  used  mainly  when  suction  plays  an  unimportant  part 
At  sea-level,  the  theoretical  figure  for  maximum  height  of  suction  is  34  ft; 
on  account  of  losses  due  to  leakage,  friction,  weight  of  valves,  dissolved  air  and 
tension  of  aqueous  vapor,  this  figure  is  reduced  to  from  22  to  26  ft. 

Plunger-pumps  are  usually  used  with  large  quantities  of  water,  which  may 
be  muddy,  and  with  high  lifts,  overcoming  pressures  of  say  300  lb.  per  sq.  in. 
A  plunger-pump  has  less  friction  and  a  more  accessible  packing  than  a  piston- 
pump.  The  latter  takes  up  less  room  for  a  given  capacity.  A  modification 
of  the  regular  piston -pump  suitable  for  low  lifts  is  the  bucket-pump,  which  is  a 
single-acting  vertical  piston-pump  with  one  or  more  valves  opening  upward 
in  the  piston-head.  Combinations,  as  of  bucket-  and  piston-,  bucket-  and 
plunger-,  piston-  and  plunger-  (differential)  pumps  can  be  mentioned  by  name 
only.  A  piston  is  always  packed  inside,  a  plunger  may  be  inside-packed,  which 
is  the  case  with  clear  water,  or  outside-packed,  mainly  with  muddy  water. 
The  suction-pipe  frequently  has  a  strainer  to  exclude  foreign  material.  The 
inlet-  and  outlet-valves  of  a  cylinder  or  barrel  have  various  forms;  the  leading 
types  are  clack-,  wing-,  spindle-,  disc-,  and  ball-valves.  The  last  are  suited 
especially  for  muddy  water.  A  reciprocating  pump  is  essentially  a  slow-speed 
machine,  on  account  of  the  severe  shocks  that  a  frequent  reversal  of  the  motion 
would  cause  with  the  incompressible  water,  and  on  account  of  the  time  required 
by  the  valves  to  fall  into  place  and  to  seat  themselves  quietly.  The  piston-speed 
is  about  100  ft.  per  min.  It  is  desirable  that  there  shall  be  a  uniform  pressure  in 
the  deliver>'-pipe  of  a  pump,  and  this  requires  a  uniform  speed.  A  single-acting 
pump  with  flywheel  does  not  attain  the  uniform  speed  of  a  double-acting  pump. 

Duplex  pumps  give  a  more  uniform  discharge  than  single  pimips;  they  do 
not  require  as  large  an  air-chamber;  they  need  less  space  and  have  less  weight 
than  two  single  pumps  of  the  same  combined  capacity.  Piston-pumps  are 
usually  double-acting;  plunger-pumps  are  as  often  single-  as  double-acting;  the 
inherent  irregularities  are  overcome  by  having  a  number  of  plungers  deliver 
into  a  single  main. 

The  performance  of  a  pump  is  termed  its  duty.  This  is  usually  measured 
by  pounds  of  fuel  consumed,  and  is  given  in  terms  of  ft.  lb.  of  work  per  loolb. 
coal.  The  duty  of  a  good  pumping  engine  is  about  i5o,ooo,cx>o  ft.  lb.,  whidi 
is  iH|uivalent  to  a  utilization  of  90  per  cent,  of  the  i.h.p.  in  the  steam-cylinder; 
the  remainder  is  absorbed  mainly  by  the  friction  of  the  water  in  its  passage 
through  the  pumps.  A  horse-power  of  water-work  would  be  developed  on 
almut  1.35  lb.  of  coal. 

*  Dttrr,  W.  M.,  "Pumping  Machinery-,"  Lippincott,  Philadelphia,  1908. 
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Examples,  i.  The  Cahekon  Piston-pump. — Fig.  536  represents'  a  vertical 
loDgitucUnal  section  through  one-half  of  the  steam-cylinder  of  a  single  direct- 
■cting  Cameron  pump;  the  other  half  is  shown  in  elevation  with  the  bonnet 


Fig.  536. — Cameron  piston  pump. 
Fic.  536. — A,  Steam-cylinder;  C,  piston;  D,  steam-chest;  J', steam-chest  plunger,  the  right 
4  which  ia  shown  in  section;  G,  slide-valve;  B,  lever  with  handle  outside  for  reversing,  F,  by 
Hud  when  necessary;  /,  reversing  valves;  K,  bonnets  on  valve-chamber;  E,  exhaust-ports 
eading  from  the  ends  of  steam-chest  direct  to  main  exhaust  and  closed  by  reversiog-valves, 
'j  the  body-piece  marked  "Cameron"  connects  the  steam-  and  water-cylinders. 


Fig-  537. 


piston  pump. 


amoved.    TTie  water-cylinder  lying  next  to  the  water-valve  chest  is  shown  in 
?ig,  537.   The  pump  has  a  suction-opening  on  each  side,  and  a  single  discharge- 
^lening  beneath  the  air-chamber.    There  are  two  pairs  of  valves,  one  valve- 
» A.  S.  Cameron  Steam  Pump  Works,  New  York,  N.  Y, 
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stem  being  common  to  a  pair.  The  valves  are  of  the  disc  pattern,  brass  shdk 
filled  with  vulcanized  rubber  held  down  by  wrings. 

In  operating,  steam  admitted  to  chest,  L,  fills  the  hollow  ends  of  plunger,  f, 
down  to  reversing  valves  /.  In  Fig,  536,  plunger  F  and  slide-valve  G  are  in 
position  to  the  right,  hence  steam  will  enter  in  cylinder,  A ,  to  the  right  of  piston, 
C,  moving  it  to  the  left.  When  it  reaches  reversing  valve  /,  it  pushts 
this  to  the  left  and  at  the  same  time  opens  port,  E,  through  which  the  steam  at 
the  left  of  the  plunger  is  exhausted;  now  the  steam  at  the  right  of  f,  pushes  this 
to  the  left  and  with  it  slide-valve,  G,  and  thereby  reverses  the  motion  of  the 
piston. 

Table  208  represents  some  of  the  leading  sizes  with  their  capacities. 
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3.  TiiK  VVoRTHiNCTON  PiSTON-PUMP.' — Fig.  538  shows  a  vertical  longitudiiul 
section  of  one-half  of  a  Worthington  duplex  direct-acting  piston-pump;  it  is 
duplex,  as  the  two  direct-acting  pumps,  placed  side  by  side.  Fig.  539,  are  so 
combined  that  the  steam-piston  of  one  operates  through  a  rocker  and  lever;  the 
slide-valve  of  the  other  has  finished  its  own  stroke  and  waits  for  its  valve  to  be 
acted  upon  by  the  other  pump  before  it  can  resume  its  motion.  This  pause 
allows  the  water-valves  to  seat  quietly;  further,  there  is  no  dead-point,  as  oM 

'  Henry  R.  Worthington,  New  York,  N.  Y. 
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other  of  the  steam-valves  is  always  open  to  receive  steam  when  this  is 
ted.  The  packed  water-pistoD,  G,  works  in  a  brass-lined  cylinder,  B. 
alves,  straight-lift  and  spring-loaded,  are  situated  above  the  water-piston 


Fio   538  — Worthugton  pbton  pump  sectional  view 


Worthington  piston  pump,  perspectivt 


is  at  all  times  submerged.     Table  log  gives  the  leading  sizes  for  general 

!  under  a  pressure  of  150  lb.  per  sq.  in. 

Single  Direct-acting  Pump. — With  single  direct-acting  pumps,  the 
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steam-end  is  sometimes  compounded  by  the  addition  of  a  low-pressure  cylinder 
tandem  to  that  of  the  high-pressure;  duplex  pumps  are  correspondingly  cross- 
compounded. 
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— WORTHINCTON   PiSTON-PUHPS 


Siies  of  pipes  for  short 
lengths  to  be  increased  as 


Steam-  Exhaust-!  Suction- 
pipe        pipe     I     pipe 


Approximate 
space  occupied, 
feet  and  inches 


4.  Pldnger-piimps. — In  Figs,  ^40  to  543  are  given  the  water-ends  of  sev- 
eral types  of  direct-acting  plunger-pumps. 

Fig.  540  represents  a  simple  form  of  a  single-acting  solid  plunger'  that  is 
outside-packed.  The  suction-  and  delivery-valves  are  situated  one  above  the 
■  other,  and  above  the  discharge  is,  as  usual,  the  air-chamber  to  furnish  the  air- 
cushion  necessary  for  counteracting  the  shocks  due  to  the  reversals  of  the 
moving  water. 

Fig.  541'  shows  a  pump-barrel  with  a  double-acting  single  solid  plunger 
that  is  inside-packed. 

Table  210  gives  size  and  capacities. 

'  Carr,  op.  cil.,  p.  18,  Fig.  18. 

'  Epping-Caipenter  Co.,  Pittsburgh,  Pa. 
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Fic.  S40. — Single-actbg  solid  Fic.  541  .^Epping- Carpenter  double-acting  ^ngle 

plunger  pump.  solid  plunger  pump. 

FlO.  541.^33,  Nut;  34,  plunger-rod  gland;  36,  water-cylinder;  38,  plunger;  41,  packing; 
45,  valve-cover  cap-bushing;  46,  set-screw  with  nut;  47,  vatve-cage;  4S,  valve-spring;  50, 
vilve-aeat;  61,  air-chamber;  63,  air-chamber  cap. 


Table  3 


— Epping-Cabpenter  Double-acting  Single  Solid  Plunoek-p 
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Fig.  542  illustrates  a  water-cylinder^  steam  pump  divided  by  a  partition  into 
two  compartments.  In  each  is  a  single-acting  solid  plunger  outside-packed. 
The  plungers  are  connected  by  cross-heads  and  side-rods  which  serve  to  transmit 
the  power. 


Fig.  542. — Buffalo  two-compartment  single-acting  solid  plunger  pump. 
Fig.  542. — 39  and39i,  Cross-heads;  43,  pump  cylinder-head;  43},  suction-chamber  head;  49, 
plunger-nut;  52,  front  (or  main)  plunger;  52!,  rear  plunger;  53,  plunger-gland;  55,  valve;  56, 
valvc'seat;  59,  suction-valve  spring;  60,  discharge-valve  spring;  68,  side  or  stretcher  rods. 

Table  211  gives  sizes  and  capacities. 
Table  211. — Buffalo  Two-compartment  Single-acting  Solid  Plungek-pump 


Number 

of 

Normal 

Pipe  sizes 

Diameter 

Diameter 
water- 
plungers 

Length 

of 
stroke 

gallons 

per 
revolu- 
tion (4 
single 

capacity 

in 

gallons 

per 

minute 

Approzimste 
outside 
dimeiuioni. 
incbei 

steam- 
cylinders 

Steam 

Exhaust 

Suction 

Discharge 

strokes) 

Ah 

1} 

4 

0.  123 

6 

♦ 

\ 

I* 

X 

18  X  4> 

4l 

3 

4 

0.213 

II 

♦ 

i 

i\ 

I 

18  X  48 

S\ 

3 

6 

0.734 

36 

i 

i\ 

3 

a 

20  X  70 

6 

3 

6 

0.734 

36 

I 

1* 

3 

2 

20  X  70 

6 

3i 

6 

1 .00 

50 

I 

i\ 

3 

2 

20  X  70 

7* 

4 

8 

1-74 

83 

1} 

3 

4 

3 

26y  83 

7* 

4l 

8 

2.20 

104 

i\ 

3 

4 

3 

36  X  83 

7* 

4l 

10 

3.7S 

123 

i| 

3 

4 

3 

36X  87 

10 

4} 

10 

3. 75 

123 

3 

2h 

5 

4 

36X100 

10 

S 

10 

3   40 

IS3 

3 

2\ 

5 

4 

36X100 

10 

6 

10 

4   89 

320 

3 

2\ 

5 

4 

36X106 

13 

6 

12 

S.88 

^ZS 

2\ 

3 

6 

S 

40X1  JO 

13 

7 

13 

8.00 

320 

2\ 

3 

6 

S 

40X130 

Fig.  543  represents  in  one  diagram  the  piston  pattern  (lower  section  of  water- 
cylinder)^  and  the  plunger  and  ring  pattern  (upper  section).  The  plunger  in 
the  plunger-  and  ring-pump  is  made  hollow  and  of  such  thickness  as  to  be  equal 
in  weight  to  the  displaced  water.  It  thus  exerts  no  pressure  on  the  ring  in  which 
it  works  and  can  be  run  without  requiring  any  packing  as  long  as  the  cast-iron 

1  Buffalo  Steam  Pump  Co.,  Buffalo,  N.  Y. 
» Buffalo  Steam  Pump  Co.,  Buffalo,  N.  Y. 
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Steam-cylinder  (i  and  7)  pump  body 

small  duplex-pumps. 
Stetm-cyliDder  head. 
Steun-cylindei  (ool. 
Diain  cock. 
Steam  piston. 
Steam  piston-ring. 
Steam  pistoD-aut. 
Steam  chest. 
Steam -chest  cover. 
Steam  pipe. 
I.  Steam-pipe  screw  flange. 
Slide  valve. 
Valve  rod. 
Valve-rod  nut. 
Valve-rod  gland. 
Valve-iod  bead. 
Valve-rod  head  pin. 
Long  valve-rod  link. 
Cradle. 
Cross  stand. 
Upper  rock-shaft. 
Lower  lock-shalt. 
Long  crank. 
Crank  pin. 

Short  valve  motion  lever. 
Lever  pin. 
Rock-ahaFt  key. 
Pitt<MHrod. 


Fig.  543. — Buffalo  duplex  pump. 

38.     Piston-rod  gland. 


30.  Crosshead  (front  of  main). 

40.  Crosshead  pin. 

41.  Crosshead  link. 
43,  Pump-cylinder. 

43.  Pump-cylinder  head. 

44.  Pump-cylinder  hand-hole  plate. 

45.  Suction  chamber  hand-hole  plate. 

46.  Suction  screw  flange. 
4S.  Pump-piston  follower. 
4S).  Piston  packing. 

49.  Piston  or  plunger  nut. 

^^)^.  Piston  or  plunger  check-nut. 

50.  Piston  sleeve. 
50}.  Plunger  sleeve, 

51.  Binder  ring. 

$3.  Front  plunger  (mAin). 

55.  Valve. 

56.  Valve-seat. 

57.  Valve-stem. 

58.  Valve-washer. 

60.  Discharge- valve  spring. 

61.  Force  chamber. 

63.  Force  chamber  hand-hole  plate. 

64.  Delivery  tee. 

65.  Delivery  screw  flange. 

66.  Air-chamber. 

67.  Air-chamber  eye-bolt. 
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plunger  and  brass  ring  are  accurately  turned  and  bored.    The  pi 
dear  water  and  cannot  work  against  any  high  pressure  (maxiniui 


;!«■.). 


Table 

tit. BlFPFALO   PlUNGEB- 

kND   RlHC-raifPS 

^" 

Ji       K? 

III 

Pipe  tiM> 

Plica 

1 
1 

1 

■s 

J 

1 

1 

1 

1 

ijl 

lljll 

;• 

6 
B| 

M 

8 

" 

79 

300 
4i« 

4iS 

SJB 

I.lSo 

I. lis 

1.667 

it 
=1 

■  8 

;: 

30X  Sr 

30X  81 
36X    81 
40  X  Si 
44X  90 
SIX  M 
UX  96 

if 

J«o 

IJD 

1   fittiDgi  OD  all  p1ung« 


plunger  pump. 


5.  Belt-  and  Motor-driven  Pukps. — With  direct-acting  steam-pufflp* 
tliiTu  JH  a  great  loss  of  steam  at  the  end  of  the  stroke,  as  the  steam-cyliwl« 
cuniiut  have  a  cut-off  allowing  the  steam  to  work  expansively.  Thus  a  steto- 
[)iitii|>  UHCH  loo-f-  lb.  steam  per  h.p.  per  hr.  Pumps  are  therefore  often  belt- 
drivi^ii  uikI  more  recently  motor-driven,  the  belt  or  motor  recdviog  its  pow« 
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from  an  engine  that  works  with  high  efficiency,  requiring,  e.g,^  13  lb.  steam  per 
h.p.  per  hr.  Fig.  544  represents  a  vertical  section  and  front  elevation  of  a 
triplex  motor-driven  plunger-pump;^  replacing  the  motor  by  a  pulley  would 
transform  it  to  a  belt-driven  pump.  Table  213  gives  dimensions,  capacity  and 
other  details. 


Table  213. — Allentown  Triplex  Motor-driven  Plunger-pump 


Maximum 

Pump 

Size  of 

pump 

Size  of 

Motor 

^^                 *  A 

capacity  in 

speed  in 

Capacity 

suction 

Motor  speeds 

U.  S.  gallons 
per  minute 

revolutions 
per  minute 

Plunger, 
inches 

Stroke, 
inches 

per 
revolution 

and 
discharge 

850  rev. 
per  minute 

Size  horse- 
power 

100 

68 

4 

9 

I  47 

4 

13 

140 

61 

5 

9 

2.30 

5 

20 

175 

63 

5i 

9 

2.78 

5 

25 

200 

61 

6 

9 

330 

6 

25 

250 

56 

7 

9 

4.50 

6 

30 

350 

54 

8 

10 

6.53 

7 

40 

400 

49 

9 

10 

8.26 

8 

50 

500 

50 

9 

12 

9.91 

8 

65 

600 

49 

10 

12 

12.  24 

9 

75 

700 

47 

II 

12 

14.81 

10 

• 

90 

100 

68 

4 

9 

1-47 

4 

20 

140 

61 

5 

9 

2.30 

5 

25 

175 

63 

Sh 

9 

2.78 

5 

30 

200 

61 

6 

9 

330 

6 

35 

250 

56 

7 

9 

4  50 

6 

45 

350 

54 

8 

10 

6.53 

7 

65 

400 

49 

9 

10 

8.26 

8 

70 

500 

50 

9 

12 

9.91 

8 

90 

100 

68 

4 

9 

I  47 

4 

1 

25 

140 

61 

5 

9 

2.30 

5 

35 

175 

63 

5i 

9 

2.78 

5 

45 

200 

61 

6 

9 

330 

6 

50 

250 

57 

6 

12 

4.40 

6 

65 

350 

57 

7 

12 

5  98 

7 

90 

400 

51 

8 

12 

7.83 

8 

100 

100 

68 

4 

9 

1-47 

4 

35 

140 

61 

5 

9 

2.30 

5 

50 

175 

63 

5J 

9 

2.78 

5 

60 

200 

61 

6 

9 

3  30 

6 

75 

250 

57 

6 

12 

4.40 

6 

90 

1  Allentown  Rolling  Mills,  Allentown,  Pa. 
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6.  DiAPHSAGH  Pdhps. — Tlus  IS  a  ^ledal 
form  of  plunger-pump  suitable  for  dear, 
muddy  and  gritty  corrosive  liquids.  An 
upright  form'  is  shown  in  Fig.  545.  It  has 
a  single-acting  plunger  working  in  a  chamber 
filled  with  dean  water  and  separated  from 
the  corrosive  liquid  by  a  rubber  diaphragm. 
The  ball-valves  are  of  hard  rubber  or  of 
metal  covered  with  rubber.  The  pumps  are 
usually  constructed  to  work  against  a  pressure 
of  45  lb.  per  sq.  in.  They  are  often  made 
duplex,  also  horizontal,  and  for  pressures 
greater  than  45  lb.  The  plunger  is  driven 
by  a  crank  and  pulley.  Further  detaUs  are 
given  in  Table  214.  In  the  pump  made  by 
Dehne,*  which  is  similar  to  that  shown  in 
Fig,  S4S.  the  plunger  is  supposed  to  be 
direct-connected  with  the  steam-cylinder. 


fiO.  545- — Klein- Schamlin- Becker 
diaphragm  pump. 


Table  3I4.^Dehne  Diafhracu-fvups 


Diameter 

Diameter 

Diameter 

Capacity 

Revolutions 

suction-  and 

Weight, 
kg. 

No. 

plunger, 

cylinder, 
mm. 

stroke, 
mm. 

hour, 

liters 

per 

minute 

discharge- 
pipes. 

3 

.0 

80-100 

I  JO 

J,000 

80 

30 

600 

4 

6S 

100-115 

3/>oo 

;o 

40 

8so 

5 

So 

I 15- "SO 

200 

S,8oo 

60 

.10 

1,250 

6 

100 

iSO-.-oo 

350 

9,400 

50 

1,850 

'  Klein.  Schanzlin  and  Becker,  Frankenthal  (Rheinpfali),  Germany. 
■  Machincnfabrik,  A.  L.  G.  Dehne,  Halle,  a,  S.,  Germany. 
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297>  Rotaiy  Pumps. — A  rotary  pump,'  as  shown  in  Fig.  546,  consists  essen- 
tially of  a  pair  of  spur  gears  running  in  a  dosed  casing.  The  points  of  the  teeth, 
which  are  in  contact  with  the  case,  pick  up  the  liquid  on  the  suction  side,  hold  | 
it  in  a  series  of  pockets  which  they  form,  and  discharge  it  on  the  delivery  side. 
The  shafts  are  driven  by  exterior  spur  gears  on  both  sides  of  the  pump-case  in 
order  that  the  interior  gears  shall  not  transmit  any  power.  The  pumps  deliver 
a  large  volume  of  water  against  a  high  pressure  (from  100  to  200  lb,  per  sq.  in.), 
but  do  it  at  the  expense  of  considerable  power  which  is  wasted  in  friction,  in 
the  necessary  leakage  at  the  dosing  of  a 
chamber,  and  in  the  shocks  produced  by 
the  teeth  suddenly  picking  up  water,  chang- 
ing its  direction,  imparting  to  it  a  high 
velodty,  and  discharging  it  into  the  de- 
livery chamber.  The  pumps  are  used 
under  conditions  where  power  is  of  minor 
importance  or  where  solutions  have  to  be 
pumped  only  at  inter\'als.  In  either  case 
the  liquid  ought  to  be  clear.  The  pumps 
will  lift  water  8  to  12  ft.  Their  mechanical 
efficiencj'  is  50  per  cent.  Tables  215  and 
215a  give  details,  capacity  and  power. 

298.  Centrifugal  Pumps.— The  leading  parts  of  a  centrifugal  pump',  Figs. 
546  and  547,  are  a  fan  (impeller)  having  a  number  of  backward-curved  vanes 
(blades)  which  rotates  in  a  dosed  casing.  The  blades  u,  v,  w,  x,  y,  z,  are  attached 
to  one  end  of  the  shaft,  s,  which  is  belt-  or  motor-driven  at  the  other  end;  in  rare 
cases  only  is  it  direct-connected  to  a  steam-engine.  Water  is  sucked  in  at  the 
center,  /,  of  the  casing,  whirled  to  the  periphery  at  an  accelerating  speed,  and 
made  to  travel  with  a  decreasing  velocity  along  the  snail-shaped  channel,  ABC, 
to  the  discharge,  0.  These  pumps  are  used  for  moving  large  volumes  of  water, 
dean,  muddy  or  sandy,  against  a  head  of  30  to  40  ft.  They  work  stcadiiy  and 
evenly,  and  are  therefore  especially  suited  to  bedrivenby  an  electric  motor.  They 
require  little  foundation,  but  must  have  a  careful  alignment.  The  pressure 
exerted  by  the  pump  depends  upon  the  diameter  and  speed  of  the  vanes.  If  the 
normal  speed  of  10  to  12  ft.  per  sec,  is  reduced  as  little  as  10  per  cent,  and 
the  head  remains  constant,  water  will  cease  to  flow;  if  the  head  is  reduced  and 
the  speed  kept  constant,  the  amount  of  water  discharged  \vill  be  greatly  in- 
creased; if  the  delivery- head  exceeds  the  pressure  of  the  centrifugal  force  of 
the  water,  the  water  in  the  pump  will  be  churned  around  the  vanes  and  be- 
come heated,  but  will  not  be  discharged.  The  pump  therefore  is  not  suited 
for  a  varying  duty,  but  must  be  chosen  or  built  to  satisfy  given  uniform 
conditions. 


Flc.  546, — Gould  rotary  pump. 


■  Goulda  Mfg.  Co,,  Seneca  FaUs,  N.  Y. 

'  Qlustntlions  of  Steam  Engines  by  Inatruclors  of  Steam  Enfjineering,  Mas 
Techiiok>gy,  Boston,  Mass.,  igoS. 
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Table  215. — Gould  Rotary  Pumps:  Details 


Capacity 

Speed  and  capacity  per 

Tight  lad 

No. 

one 

minute,  vaxying  with  kind  of 

Suction 

Discharges 

loQie 

revolution 

work  and  pressure  1 

poDeyi 

X 

0.25  gal. 

100  to  250  rev.,    25  to    60  gal. 

3  in.  pipe 

x}  in.  pipe.  i\  in.  hose 

X2X3)iB. 

a 

0 .  50  gal. 

100  to  200  rev.,    50  to  100  gal. 

4  in.  pipe 

2    in.  pipe,  a    in.  hose 

X6X4    IB- 

3 

1 .  00  gal. 

100  to  175  rev..  100  to  I7S  gal. 

5  in.  pipe 

2\  in.  pipe,  2|  in.  hose 

18XS  ia. 

4 

1.67  gal. 

100  to  150  rev..  165  to  250  gal. 

6  in.  pipe 

4    in.  pipe,  2|  in.  hose 

34X6  is. 

5 

2 .  50  gal. 

75  to  125  rev.,  185  to  310  gal. 

7  in.  pipe 

5    in.  pipe,  2|  in.  hose 

30XS  is. 

6 

4.50  gal. 

60  to  100  rev..  270  to  450  gal. 

8  in.  pipe 

6    in.  pipe.  2}  in.  hose 

36X10  is. 

*  Speeds  given  are  a  fair  rate  for  continuous  running;  they  can  be  doubled  for  occasional  service. 


Table  215a. — Gould  Rotary  Pumps:  Capactties  and  Power 


Size 

Revolutions 
per  minute 

Gallons 
per  minute 

75  lbs. 
pressure, 
horse- 
power 

100  lbs. 
pressure, 
horse- 
power 

No.  I 

350 
400 

450 
500 

87s 
100 

112. 5 
125 

8 

9 
10 

II 

10 

12 

15 

No.  2 

250 
300 

350 
400 

125 
150 

175 
200 

II                           Is 

1 

13 
16 

18 

18 
20 
24 

No.  % 

250 
300 

350 
400 

250 

300 
350 
400 

18 

23 
26 

30 

24 

30 
34 
40 

No.  4 •. 

200 
250 
300 
350 

325 
405 
500 
580 

2\                        ^I 

30 

35 
45 

39 
47 
60 

No.  5 

150 
200 
2-50 
300 

375 
500 
62s 

750 

27 
36 

45 
54 

36 

48 
60 

No.  6 

100 

150 
200 

250 

450 

675 
900 

I, "5 

33 

49 

65 
81 

43 

65 
108 

The  cfficicnc)'  depends  upon  the 
form  of  the  vane  and  the  speed. 
Experiments  \vilh  diiTerent  forms  of 
curves  have  given  the  following 
efficiencies:  straight  and  inclined 
vanes  32  percent.;  radial  45  percent., 
circular  61  per  cent,  and  involute  68 
per  cent.;  with  the  involute  curve 
and  varying  heights,  efficiencies  were 
obtained  ranging  from  70  per  cent. 
with  a  jo-ft.  lift  to  40  per  cent,  with 
a  60-ft.  lift,  and  showed  a  maximum 
with  a  lift  of  20  ft.  With  dear  water 
the  efficiency  ia  greater  than  with 
gritty  water,  as  in  the  latter  case  the 
speed  will  have  to  be  reduced  in 
order  to  prolong  the  life  of  the  in- 
ternal parts  of  the  pump.  In  order 
to  work,  the  pump  must  first  be 
primed,  i.e.,  filled  with  water.  In  a 
submerged  pump  this  is,  of  course, 
not  necessary;  in  an  empty  pump, 
from  the  top  or  drawn  up  from  the  bottom.     In  the  former 


—Morris  Bubmcrged  vertical 
centrifugal  pump. 


rnnniat  WF 

inoTds  t 
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case,  the  suction-pipe  must  have  a  foot-valve  to  keep  the  water  from 
out.  In  the  latter  the  discharge-pipe  must  be  closed  by  a  gate-valve 
to  permit  producing  a' 
by  means  of  an  ejector  aw- 
pump  placed  on  top  of  Ibe 
casing.  The  drawing,  Figs.  546 
and  547,  represents  a  left-hud 
(fans-  revolve  right  to  left) 
single-sue  tiou  horizontal  (shift 
horizontal)  pump.  Fig.  54S' 
gives  a  perspective  of  a  Moiiis 
submerged  vertical  pump,  and 
Fig.  549  one  of  a  sucti(Hi  vent- 
cal  pump.* 

Fig.  55orepIesentsadouhI^ 
suction  pump,*  *.e.,  the  suctioi- 
pipe  is  <^vided,  so  that  tbc 
water  enters  at  both  sides  of 
the  center.  This  arrangemeiil 
has  the  advantage  that  then 
is  no  end-thrust  as  is  the  cast 
when  the  water  enters  on  ok 
:ntrifugal  pump.  Side  only,  but  the  disadvanUgt 
that  it  works  well  only  will 
clean  water,  while  the  single-suction  machine  will  pass  almost  anything  \bi 
enters  the  suclion-pipe.  Thus,  a  single- 
suction  pump  driven  at  high  speed  will 
raise  water  with  5°  to  SS  P^''  cent,  fine  or 
25  to  35  per  cent,  coarse  sand  through  a 
straight  vertical  pipe  30  ft.  in  height. 
The  De  Laval  centrifugal  pump  with 
double  suction,  direct-connected  to  a 
steam-turbine  or  an  electric  motor  making 
a.ooo  r.p.m.  raises  clear  water  to  heights 
comparable  with  those  reached  by  plunger- 
pumps  and  attains  an  efficiency  of  about 
70  per  cent. 

2519.  Turbine  Pump.' — This  is  the 
commonly  accepted  term  for  a  liquid- 
lifting  apparatus  which  consists  of  a  num- 
ber of  centrifugal  pumps  placed  on  a 
single  shaft  and  connected  in  series  in  such  a  way  that  the  discharged  liqud 


Fic.  549.— Morris 


Fig.  sso.^De  Laval  double-suctk* 
centrifugal  pump. 


■  Morri*  Marliini;  Works,  Haldwinsville,  N.  Y. 

'  l>f  Laval  S(oam  Turbine  Co.,  Trenton,  New  Jersey. 

'  Van  Ncddtn,  Eng.  Mag-,  igog-io,  xxxviii,  546,  692, 


J,  XXXDC,  S5t  «4- 
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«in  one  impeller  forms  the  feed  of  the  next  following. 
^pon  successively  by  each  of  the  impellers  is  delivered  a 
e  similar  to  that  of  a  reciprocating  pump.    Figs.  55 
s  of  a  Sulzer'  single-wheel  (i-stage)  high-pressure 


The  liquid  being  acted 

i  the  outlet  with  a  pres- 

and  552  give  two  sec- 

itrifugal  pump.    The 


3iprovement  over  the  ordinary  form  consists  in  the  addition  of  a  stationary 
uide-wheel  with  diffusion  vanes  through  which  the  liquid  is  made  to  pass  after 


fic-  SS3- — Wurlhingtoa  two-stage  turbine  pump. 

^Caving  the  impeller.  The  velocity  of  the  liquid  which  is  at  its  maximum  at  the 
Periphery  of  the  impeller  is  gradually  reduced  so  as  to  connect  the  velocity-head 
into  static  pressure.  The  symmetric  entrance  of  the  liquid  into  the  vanes  of 
the  impeller  is  assisted  by  having  in  the  cover  as  well  as  in  the  main  casting 
Concentric  suction- spaces  which  are  connected  by  openings  in  the  guide-wheels. 
■  Illustrations  of  Steam  Engines  by  Instructors  of  Steam  Engineering,  Mass.  Institute  of 
I    Technology,  Boston,  Mass.  igoS. 
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Fig.  553  gives  a  longitudinal  section  of  a  two-stage  Worthington^  turbine 
pump.  The  water  leaving  the  suction-opening  is  directed  by  vanes,  enters 
the  first  impdler  through  an  annular  opening  at  the  center  and  b  dischaiged 
at  the  periphery;  it  now  traveb  through  the  diffusion  vanes  and  passes  through 
an  intermediate  casing  into  the  suction-opening  of  the  second  impeller;  it  flows 
through  this  in  the  same  manner  as  with  the  first  and  leaves  through  the  delivery 
with  the  accumulated  pressure.  Turbine  pumps  are  made  with  as  many  as 
eight  stages;  they  are  built  vertical  and  horizontal.  Tables  216  and  217  give 
the  capacities  of  a  single-wheel  pimip  of  the  two  classes  C  and  A  nm  at  1,450 
to  1,470  r.p.m.;  class  C  is  intended  for  a  head  not  exceeding  400  ft.;  class  A 
for  a  maximimi  head  of  f,ioo  ft.     If  a  pump  is  required,  e.g.^  to  deliver  295 

Table  216. — Worthincton  Class  C  Turbine  Pumps  for  a  Maximum  Head  of  400  Feet 


No.  of  pump 


Maximum  capacity, 
gallons  per  minute 


At  1,450-1,470  revolutions  per  minute 


Height  of  delivery, 
feet 


Capacity,  gallons 


I  C 
2C 
3C 
4C 

sc 

6C 
7C 
8C 
9C 

10  C 

11  c 


96 

158 

237 

395 
622 

1,000 

1,480 

2,220 

3,380 

4,480 

6,330 


Table  217.— Worthincton  Class  A  Turbine  Pumps  for  a  Maximum  Head  of  1,100 

Feet 


No.  of  pump 


Maximum  capacity, 
gallons  per  minute 


At  1,450-1,470  revolutions  per  minute 


3A 
4A 
SA 
6A 
7A 
8  A 
9A 


23s 

395 

635 
1,000 

1,480 

3,220 

3,380 


Height  of  delivery, 
feet 


36 

65  i 
98J 

168 

244 

348 
492 


Capacity,  gallons 


90 

195 
390 
790 

i»42S 
2,110 
2,610 


*  Henry  R.  Worthington,  New  York,  N.  Y. 
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gal.  per  min.  against  a  head  of  328  ft.  making  1,450  r.p.m.,  the  correct  selection 
will  be  a  four-stage  5C  pump,  as  4X82  ft.  =  328  ft.  and  355  gal.  For  a  pump 
to  deliver  750  gal.  against  a  head  of  672  ft.  at  1,450  r.p.m.,  a  four-stage  6 A 
pump  will  be  chosen,  as  4X168  ft.  =  67 2  ft.,  and  790  gal.  gives  the  desirable 
excess. 

300.  Frenier  Spiral  Sand  Pump.^ — As  shown  in  Figs.  554  and  555,  this 
is  a  narrow,  hollow,  partly-closed  cylinder  with  a  spiral  passage,  which  rotating 
at  rate  of  20  r.p.m.  around  its  horizontal  axis  in  a  box  charged  with  the  liquid, 


b 

Y. 


Overflow  Drain 

Figs.  554  and  555. — Frenier  spiral  sand  pump. 


scoops  this  up  at  the  circumference  and,  passing  it  along  through  the  spiral 
passage,  discharges  it  at  the  center  into  a  lift-pipe.  The  lift,  depending  upon 
the  diameter  of  the  wheel,  is  equal  to  the  sum  of  the  water-columns  a,  ft,  c,  and 
does  not  exceed  24  ft.;  for  higher  lifts,  pumps  have  to  be  run  in  tandem.  The 
pump  requires  less  power  than  a  centrifugal  pump  and  suffers  less  from  wear, 
but  it  occupies  a  much  larger  space. 


Table  218. — Details  of  Fkenier  Spiral  Sand  Pump 


Size  of  wheel, 

Capacity, 

width  by  diameter, 

maximum  per 

inches 

minute  (gallons) 

6X44 

50 

6X48 

53 

6X54 

54 

8X44 

60 

8X48 

70 

8X54 

75 

X0X44 

83 

X0X48 

86 

10X54 

90 

Lift,  maximum, 
feet 


M 
18 

24 

14 
18 

24 
14 
18 

24 


Weight,  pounds 


•   1,000-1,200 


1,200-1,400 


1,400-1,600 


^  Frenier,  J.  H.,  and  Son,  Rutland,  Vt.,  Eng.  Min,  /.,  1900  zxxxvii,  769. 
45 
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301.  Steam  Water-lifters. — The  apparatus  to  be  considered  are  the  injector, 
the  ejector  and  the  pulsometer.  The  efficiency  is  low,  less  than  i  per  cent.,  but 
on  account  of  convenience,  this  apparatus  is  applied  under  conditions  in  which 
the  heat  of  the  condensing  steam  is  utilized. 

I.  The  injector  or  inspirator  is  an  instrument  for  forcing  water  into  a 
boiler  by  means  of  a  jet  of  steam  obtained  from  the  boiler  to  be  fed.  It  is  used, 
however,  also  for  raising  liquids.  Its  operation  is  based  upon  the  two  facts, 
that  water  is  drawn  up  to  the  point  of  delivery  by  a  vacuum  formed  by  the 
condensation  of  steam,  and  that  some  of  the  heat  energy  of  the  steam  is  trans- 
formed into  kinetic  energy  thus  making  the  jet  of  water  travel  through  the 
water-orifice  with  a  velocity  greater  than  that  with  which  the  water  would  issue 
from  the  tank  or  boiler  that  is  being  supplied.  Thus  steam  of  100  lb.  pressure 
can  feed  water  into  a  boiler  which  stands  under  150  lb.  pressure. 

Fig.  556  represents  a  simple  form  of  single-tube  injector  in  which  a  needle- 
valve  closes  the  contracted  steam-nozzle;  this  reaches  somewhat  into  the  com- 


Bteain 


Watef 

Fig.  556. — Single  tube  injector. 


bining  or  mixing  nozzle,  and  the  continuation  of  the  latter,  the  forcer,  ends  in 
a  chamber  which  is  closed  by  a  valve  leading  into  the  boiler.  In  starting  the 
injector,  the  overflow-valve  is  opened  and  some  steam  turned  on  gradually  to 
remove  condensed  water  from  the  chamber  and  to  exhaust  the  air  in  the  supply- 
pipe.  As  soon  as  a  solid  stream  of  water  appears  at  the  overflow,  the  overflow- 
valve  is  closed  and  the  steam-valve  opened  fully,  when  water  will  be  forced 
into  the  boiler.  With  an  aspirating  injector  the  water  to  be  pumped  should 
not  be  hotter  than  30°  C,  as  the  colder  the  water  the  more  rapid  the  conden- 
sation of  the  steam;  with  water  of  50  to  60°  C.  the  injector  will  cease  to  feed. 
An  injector  will  discharge  from  9  to  12  pounds  of  water  per  pound  of  steam 
supplied.  The  greater  the  lift  and  the  higher  the  discharge-pressure  the  smaller 
will  be  the  weight  of  water  and  the  higher  the  temperature  of  discharge.  An 
injector  requires  from  1,200  to  1,700  lb.  of  steam  per  horse-power  of  water 
work  per  hour. 

2.  The  EJECTOR  (jet-pump,  steam-elevator,  steam-siphon)  is  an  apparatus 
not  uncommon  in  vitriolization  plants  for  lifting  warm  liquids  during  short 
periods  of  time  by  means  of  steam.  Its  principle  is  similar  to  that  of  the  in- 
jector, only  the  construction  is  more  simple  on  account  of  the  low  pressure  that 


Metallurgical 


the  discharge  has  to  overcome.  The  working 
ing-pipe  inside  of  which  is  a  nozzle  connected  i* 
in  Fig.  557.  Fig.  558  gives  the  leading 
parts  of  the  Koerting  "steam-siphon."' 
With  60  lb.  steam  and  an  elevation  of  20 
ft.  a  i/a-in  siphon  will  handle  150  gal. 
acid  of  50°  Be.  per  hr.;  a  i-in.  600  gal.;  a 
3-in.  2,400  gal. ;  and  a  4-in.  9,600  gal. 


Fig.  557.— Ejector  noizle.  Fio.  558.— Koerting  sleam-siphi 


i.— Pulsometer.  Fic.  560.— Putsometer. 

FiCS.  ssQ  and  560. — AA ,  Botlle-shaped  working  chambers;  B,  ncclc-piccc;  C,  valvc-balll 
D,  luction  chamber;  EE,  suction- valves;  FF,  seals  of  suet  ion- valves;  <X,  scats  ot  discharge- 
v«lvra;  H,  deli  very- pipe;  /,  vilve-guards;  J,  vacuum  chamber;  K,  hand-holes;  N,  damps 
and  bolls. 

3.  The  Pclsometer.* — Fig,  559  gives  a  perspective  view  and  Fig.  560  a 
'  Schutlc  &  Koerting  Co.,  Phikdelphia,  I'a. 
•The  Pulwmcler  Steam  Pump  Co.,  New  York,  N.  Y. 
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vertical  section  through  the  apparatus.    This  consists  of  two  bottle-shaped 
chambers,  A,  cast  side  by  side,  with  tapering  necks  bent  toward  one  another; 
their  upper  parts,  formed  by  a  separate  casting — the  neck-piece  B — terminate  in 
a  common  steam-chamber.    In  this  chamber  the  ball,  C,  can  oscillate  from  one 
side  to  the  other;  the  lower  parts  of  the  chamber  are  connected  through  suc- 
tion-valves, £,  with  suction-chamber,  Z),  and  with  a  second  set  of  valves,  E 
(dotted  lines),  through  the  discharge-chamber  with  the  delivery-pipe,  iJ.  The 
vacuum-chamber  /  situated  back  of  the  working-chambers,  A,  at  the  lower 
ends,  is  connected  with  the  suction  through  pipe  D.    Small  air-check  valves 
(not  shown)  in  the  necks  of  chambers,  A,  and  in  chamber,  /,  allow  some  air  to 
enter  in.  A,  above  the  water  to  form  an  air-piston  and  prevent  entering  steam 
from  being  condensed,  and  in  J  to  take  up  the  water-ram  due  to  the  alternate 
filling  of  chambers,  A.    In  starting,  the  apparatus  has  to  be  primed,  i.e.y  filled 
with  water.     When  steam  is  admitted  at  the  top,  it  passes  into  whichever  cham- 
ber is  not  covered  by  ball  C,  presses  on  the  surface  of  the  water,  forces  this  down 
and  out  through  the  discharge  valves  into  the  rising  main,  H.    As  soon  as  the 
sinking  water-level  reaches  the  discharge-valves,  steam  blows  through  and  is 
condensed  so  that  a  vacuum  is  rapidly  formed  which  pulls  over  the  ball-valve,  C, 
when  steam  being  shut  off,  the  vacuum  is  completed  and  water  rushes  in  through 
the  suction-pipe  and  fills  the  chamber.    The  same  process  now  takes  place  in 
the  second  chamber.     The  alternate  filling  and  discharging  of  the  two  cham- 
bers keeps  up  a  continuous  flow  of  water. 


Table  219. — Sizes  and  Capacities  of  Pulsometer 


Size  of  pipes,  inches 


Number 


2 
3 
4 
S 
6 

7 
8 

9 
10 


Steam    Suction 


Discharge 


Capacity  in  gallons  per  minute 
at  diflFerent  elevations  with 
boiler-power  and  steam-pressure 
usually  provided.     (Approximate) 


Dimensions  and 
weights 


*P*«-      poundi 
inches   1 


li 

Ij 

20 

17 

13 

4 

25 

14X13 

2 

2 

60 

SO 

38 

5 

27 

17X14 

2\ 

2i 

100 

80 

65 

6 

33 

19X19 

3 

3 

180 

160 

IIS 

9 

38 

21X22 

• 

3i 

3) 

300 

26s 

200 

12 

43 

23X24 

4 

4 

42s 

375 

275 

IS 

49 

25X26 

I 

S 

5 

700 

62s 

450 

25 

61 

32X33 

Ij 

7 

6 

1.000 

900 

650 

35 

72 

38X36 

2 

8 

8 

2.000 

1.800 

1.400 

70 

88 

52X45 

95 

140 

295 

43'> 

5:0 

-45 

1.375 

2.100 

J.800 


Tests  made  at  the  Massachusetts  Institute  of  Technology^  have  shown  that 
the  steam  consumption  per  h.p.-hr.  reaches  200  lb. 

302.  Compressed-air  Water-lifters. — There  are  two  kinds  of  apparatus  in 
which  compressed  air  serves  to  raise  liquids.  They  are  represented  by  the 
montejus  and  the  air-lift  pump. 

*  Technology  Quarterly^  1895,  viii,  257. 
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I.  The  Montejus  is  constructed  on  the  principle  of  the  wash-bottle  of  tl 
chemical  laboratory.     Fig.  $bi  re]»resents  the  acid-egg  employed  for  elevating 
sulphuric  acid.     It  is  a  cast-iron  vessel  (lined  or  not)  of  about  40  cu.  ft.  capacity 
with  delivery-pipe,  A ,  filling-pipe,  B,  and  compressed-air  pipe,  C,    In  some  acid- 
eggs  all  the  connections  are  concentrated  in  the  cover.     In  Fig.  562  is  shown  a  J 
simple  form  of  montejus  which  acts  intermittently;  the  leading  parts  are: 


i — w — m 


Fig.  561.— Acid  egg. 


Ttc.  stjj. — Montejus. 

cylindrical  vessel  of  steel  or  copper,  with  hand-hole  and  test-cock,  e,  provided  I 
with  a  neck  having  the  solution  inlet-pipe,  ni;  solution  delivery-pipe,/,  air  inlet-  | 
pipe,  d,  and  air  outlet-pipe,  c.    Table  jao^  gives  details  of  the  different  sizes. 


Table  iio 

—Details  0 

r  MoffTsjDS  (Dehme) 

„^^ 

Mitrkcd 

■ 

■    1   =    1    . 

= 

6 

7 

. 

CapuitT.  litem,  per  minnt*. 

/ 

son 

WO 

MO 

MO 
too 

600 

oso 

50 

700 

I.IM 

I,S<o 

J.noo 
as 

'  6* 
6i 

<^70 
j.aAo 

Inlet-pipe  (of  liquor,  mm. . .  . 
OuUet-pipeforUquor.  mm- 

Inlet-pipeformir.  mm 

Outlrt-pipeforiif,  mm 

U 

We«h..  k,.mm 

■■'"■ 

In  order  to  do  away  with  the  attendance  required  for  opening  and  closing  the 
valves  while  operating,  the  montejus  has  been  made  self-acting.  Fig.  563  shows 
the  Schutte  and  Koerting  (Philadelphia)  automatic  montejus.  The  liquid, 
entering  at  A,  under  a  certain  head,  raises  the  check  ball-valve  and  flowing  into 
the  tank  causes  the  upper  float,  C,  to  rise;  this  is  connected  by  a  vertical  rod  with 
the  exhaust-vaK'e,  /■',  and  the  compressed-air  inlet,  E,  and  rising  closes  the 
former  and  at  the  same  time  opens  the  latter.  The  liquid  is  now  forced  up  the 
delivery-pipe,  G,  by  the  compressed  air.  When  the  level  of  the  liquid  in  the 
tank  has  fallen  to  a  certain  point,  valves  F  and  E  are  automatically  reversed, 
and  the  liquid  flows  in  again  through  pipe  A.  The  apparatus  works  with  pres- 
sures ranging  from  30  to  70  lb.,  and  is  filled  and  discharged  from  30  to  60  times 

'  A.  L.  Debne  Mfg.  Co.,  Halle  a.  S.,  GemiaDy. 
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per  min.;  it  is  therefore  made  much  smaller  thin  tkt 
ordinary  montejus.  Thus  an  intermitteDt  add-^of 
Soo-gal.  capacity  filled  once  every  30  min.  vill  handle 
in  24  hr.  34,ocx>  gal.  An  automatic  ^paratus  of » 
gal.  capacity  will  handle  with  30  operations  14,401 
gal.,  and  with  60  operations  30,800  gal.,  i.t.,  it  en 
easily  replace  the  larger  vessel.  Other  automatic 
montejus  are  those  of  Laurent,*  Meade,*  Schueta.' 

2.  The  Air-lift  Pump. — The  idea  of  raising  1 
column  of  water  by  having  compressed  air  pisi 
through  it  is  old.*  It  was  revived  or  re-invented bf 
Fohl£  in  iSSS*  and  proposed  for  raising  vaXa  frraa 
wells  and  shafts.  In  metallurgical  plants  the  PohU 
air-lift  pump  has  been  used  for  raising  electrt^yte  m 
copper  refining  plants,*  hyposulphite  soluti<»is  io 
silver-leaching  plants,^  and  slimes  and  sands  10 
cyanide-leaching  works;*  in  the  first  two  instances 
the  air  has  little  or  no  harmful  effect;  in  the  last  it  is 
even  beneficial. 

Fig.  564  represents  a  diagrammatical  sketch  d 
the  Pohle  air-lift  pump.'  A  delivery-pipe,  open  it 
both  ends,  is  submerged  in  a  well  to  a  depth  grtatti 
than  the  height  to  which  the  solution  is  to  be  raised; 
a  compressed-air  pipe  of  relatively  small  diameter 
with  return-bend  enters  the  delivery-pipe  throu^ 
the  bottom  or,  as  in  the  illustration,  through  a  foot- 
piece.     The  compressed  air  upon  entering  the  laiget 


>  Ent-  ilin.  J.,  1905.  Lxxx,  S43- 

'  Mel.  Chrm.  Eng.,  1910,  vin,  S45- 

'  Eng.  Min.  J.,  igio,  xc,  330. 

*  .Stelfteldt,  Eng.  Min.  J.,  1890,  xlk,  443- 

'  Drown- Beht,  Tr.  Tech.  Soc.  Pac.  Coast,  1890,  vii,  i;  Iron  Agt,  1890,  xtvl,  154;  ^'">-  *■■ 
JO,  i.\,  160;  Summary  by  Rix,  /.  Assoc.  Eng.  Soc.,  1900,  xxv,  173;  Comp.  Air,  igao,v,  1113; 
\.  Min.  Sc.  Press,  1910,  ci,  505;  Green,  Eng.  Min.  J.,  1909,  uocxvni,  151;  Andenoo.r^ 
,  1910,  Lxxxix,  ?56;L(mm,Comp.  Air,  igog.xiv,  si^i;  Westinghouse  Air  Brake  Co.,  £■{. 
iH.  J.,  1909,  Lxxxvu,  64f);  Davia-Weidner,  Eng.  Mag.,  1911,  XLiii,  260;  Richardi,  Ctrnf- 
r,  [913,  wii,  6413;  Mill.  Eng.  World,  1911,  xxxvi.jjsj;  Harris,  E.  C,  "Compresied  Ail," 

(iruw-llill  Itook  Co,,  New  York,  1910,  p.  49;  Peele,  R.,  "Compressed-air  Plant  for  Mines." 
Iiy  &  Son,  New  York,  1910,  p.  443;  Davis-Weidner,  Univ.  Wise,  Bull,  430,  Eng. Serin. 
1.  VI,  No.  7;   Mel.  Cluni.  Eng.,  1913.  ^1.  '^9- 

'  llofman,  Tr.  A.  I.  M.  E.,  1904,  xxxn,-,  311. 

»  StrlL'feldt,  Eng.  Min.  J.,  1889,  XLViii,  566. 

■  An  liilmUi,  Tr.  Austral.  Inst.  Min.  Eng.,  1901,  viu.  103. 
Ilrixlrixm,     Engineer     (London),  190S,  cv,  26;  Comp.  Air,  1908,  xm,  4780. 
Atii.n,,  Eng.  Min.  J.,  1911,  xci,  706- 

AIImi,   Min.  Mng-,  iQw.vi,  285;  .l/((.  CAem.  iilnj.,  I9i2,x,  377. 
•Cull,  h., op. til.;  sec  u\so  Ens.  Mm.  J.,i'!R<j.\JUO!VU,646. 
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pipe  forms  air-bubbles  which  in  the  shape  of  piston-like  layers,*  alternating 

with  the  water,  rise  rapidly,  lift  the  water  and  discharge  it 

provided   that  the   cross-section  of   the   delivery-pipe   is   not   too   large  in 

comparison  with  that  of  the  air-pipe.     1£  this  is  the  case,  the  air  is  admitted 

through  a  number  of  openings  in  order  that  it  may  become  disseminated 

through  the  water,  in  which  case  the  rising  of  the  water  is  due  mainly  to  the 

difference  in  specific  gravity  between  the  communicating  columns  of  water 

and  intermixed  Air  and  water.     Finally,  the  air  under  i 

pressure  acts  to  a  slight  extent  on  the  injector-principle. 

In  Fig.  564,  Ai  is  the  level  of  water  when  at  rest;  Aj, 

level  of  water  when  pump  is  in  operation;  H,  height  of 

column  of  mixed  air  and  water;  £=ff  —  Ai  =  net  height 

of  lift.     The  pressure  of  the  air,  P,  must  be  at  least 

equal  to  that  of  the  water-head  hi,  and  this  is  equal  to 

0.434  ^1  P^^  ft-     With  air-bubbles  acting  as  pistons  the 

pressure  of  //  is  theoretically  equal  to  /;,,  but  on  account 

of  the  friction  in  the  delivery-pipe,  lit  must  be  larger. 

The  net  lift  L  ranges  from  0.5  to  0.65  Aj.     Taking  the 


latter  figure,  /i]  = 


D.6S 


;  substituting  for  hi  its  value  in  P 


0.434     0-65 ' 
=30  ft.,  ^=0.67X30  =  20. 


-P=o-434  -y-=o.6j  L.    Thus  for 


..6s 
and  hs- 


^46   ft. 


The  efficiency  of  the  pump'  decreases  as  the  height  of 

the  lift  and  the  air-pressure  increase.     With  small  lifts 

efficiencies  of  30  to  35  per  cent,  are  common;  they  may    Fio.  564.— Pohl*  alr-Uft 

rise  to  40  and  45  per  cent.     According  to  Rix,  assuming  pump. 

a  velocity  of  the  liquid  in  the  pipe  of  4  to  8  ft.  per  sec, 

it  takes  1  to  3  cu.  ft.  of  air  to  raise  t  cu.  ft.  water  for  a  height  of  15  to  50  ft., 

and  3  to  4  cu.  ft.  for  heights  50  to  100  ft. ;  with  very  low  heads  i  cu.  ft.  of  air 

will  lift  I  cu.  ft,  water  jo  ft. 

Compound  or  multiple-stage  air-lift  pumps'  hardly  come  into  play  in  met- 
allurgical plants, 

303.  Siphons. — The  simple  bent  tube  used  in  the  laboratory  to  transfer 
liquids  from  one  vessel  to  another  has  assumed  various  forms  in  large-scale 
work.  iLs  field  of  operation  h.ts  been  extended  by  the  Steitz  siphon  to  moving 
melted  lead,  aluminum,  and  fusible  alloys. 

An  acid-siphon  is  shown  in  Fig.  565,  The  two  limbs,  T  and  L,  are  connected 
by  the  bent  tube,  M,  wliich  carries  the  bulb,  c,  with  stopper,  e,  and  the  branch, 

*  This  theory  U  disputed  by  Richards,  he.  cit. 

*  Merriani.  £nf .  A'nri,  1S94,  xxxii.  37. 
Editot,  op.  cU.,  i8q7,  xxxvii,  140. 
Johnson,  of,  cil..  i697>  xxxvn,  150. 

Friedrich,  Tf.  Ohio  Soc.  Mich..  Eteel.  and  SUam  Enf.,  1901S, 

*  Hiscox,  G,  D.,  "Comptcssed  Air,"  Henley  &  Co.,  New  Yorlt,  1901,  p.  711. 
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ab.    Limb,  L,  and  bulb,  c,  are  filled  with  liquid,  the  feed-opening  is  dosed 
stopper,  e,  and  limb,  T,  is  immersed  in  the  liquid  to  be  transferred.    Uponap» 
ing  cock,  d,  the  liquid  in  L  begins  to  flow  and  empties  bulb,  c.    At  the 
time  the  air  in  T,  passes  off  through  ab,  into  bulb,  c,  and  is  followed  by  liqui<l,ud 
thus  the  siphon  filled.     Another  form  is  the  Hohmann  siphon  for  carboys.' 

In  concentration  pans  placed  side  by  side  the  "ever-set  siphon,"  Fig.  566, is 
in  common  use*  The  limbs  are  of  equal  length,  and  the  end  of  each  limb  ii 
turned  up.     It  is  called  "ever-set,"  because  it  can  be  transferred  from  one pM 


Fig.  567. — Starling  siph< 


central  place.      Fic.  568. — Intermittent  *i 


of  vats  to  another  without  becoming  emptied  as  long  as  it  is  kept  level.  The 
turned  up  end  of  the  lifting  limb  of  a  siphon  permits  drawing  o9  liquor  from  the 
top  of  a  precipitate  without  disturbing  the  latter. 

Another  way  of  setting  a  siphon  in  pans  is  shown  in  Fig.  567.  Here  the  lii 
is  drawn  out  through  pipe,  U,  by  means  of  the  empty  fixed  box,  D,  and  the  mov- 
able filled  jar,  F,  the  two  being  Joined  by  tubing,  G.  In  starting  the  sipbDii, 
cock,  £,  is  opened,  jar,  F,  is  placed  on  the  shelf  which  is  situated  above  the  tcp 
of  D,  and  filled  with  enough  water  to  displace  the  air  in  D\  now  £is  closed.^ 
opened  and  F  lowered.  The  water  running  from  D  into  F  draws  the  lir 
from  the  siphon.  The  box,  D,  can  have  several  taps  like  H  to  serve  a  corre- 
sponding number  of  siphons. 

An  intermittent  siphon  is  illustrated  in  Fig.  568.    The  discharging  limb  is 

'  SlaU  H.  Eisen,  1509,  XXK,  :$o. 

*Eug.  Min.  J.,  191J,  xcv,  loqq. 
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enclosed  by  a  cylindrical  vessel  which  is  balanced,  and  can  be  raised  and  lowered  I 
in  a  stationary  cylinder  filled  to  the  level  of  its  discharge-pipe.     In  order  to  start 
the  flow,  the  balanced  vessel  is  lowered  until  the  surface  of  its  liquid  is  below  j 


that  in  the  tank;  the  siphon  acts  at  once,  and  fills  the  balanced  vessel  which 
over6ows  into  the  stationary  cylinder.  The  liquid  then  passes  oS  through  the 
diBcharge-pipe.     Raising  the  balanced  vessel  until  the  level  of  its  liquid  is  abo' 


714 


GENERAL  METALLURGY 


1  vessel  and  tank  then  find  ihdr 


that  in  the  tank  stops  the  flow;  the  liquids 
common  ievd. 

304.  Agitators  and  Mixers.' — Agitating  in  metallurgical  plants  mniB  tk 
mixing  of  solid  and  liquid,  or  of  liquid  with  gas  (aeration,  condensation) ;  it  tin 
forms  a  part  of  mixing  in  general  which  in  addition  has  to  deal  with  the  ndiiii 
of  solid  with  solid,  liquid  with  liquid,  and  gas  with  gas. 

The  mixing  of  solid  and  liquid  is  usually  aca>mplished  by  mechanicil  at 
compressed-air  stirrers,  sometimes  by  withdrawing  solution  or  pulp  at  the  bot- 
tom and  introducing  it  again  at  the  top  of  a  tank  by  means  of  a  centrifugal  v 
an  air-lift  pump. 

Mechanical  stirrers  in  stationary  vats  resemble  one  another,  as  the  essentiil 
parts  are  a  cylindrical  tank  and  a  vertical  rotating  shaft  to  which  are  atudni 
stirring  arms  or  blades.  They  do 
satisfactory  work,  but  are  genenllf 
of  small  capacities  and  expensive  to 
operate. 

The  "stir-tank"  constructed  by 
O.  Hofmann  for  the  treatment  of 
roasted  matte*  with  dilute  HiSOi, 
shown  in  vertical  section  and  doi- 
tion  in  Fig.  569,  forms  a  good  ei- 
ample.  A  wooden  tank,  12  ft  in 
diam.  and  6  ft.  deep,  with  bottom 
and  sides  lined  for  protection  against 
wear,  has  a  suspended  wooden  sh^t 
with  radial  arms.  In  the  center  ci 
the  bottom,  and  fastened  to  it,  is  a 
conical  projection  of  wooden  staves 
filled  with  sand.  It  not  only  pre- 
^  vents  matte  from  accumulatii^  it 
the  -center,  but  forces  it  toward  the 
periphery  where  it  is  subjected  to  ik 
swift  rotating  motion  of  the  sdvent 
Another  stir-tank  is  the  .A-Z  i^gitator.' 

Thk  Hkntr^-x  A<;it.\tor*  works  on  a  different  but  well  established  principlt- 
II  (oiisisls  of  ii  circular  tank  with  conical  bottom  as  shown  in  Fig.  570.    In  the 


Fio.  570.— Hendry's  agitator. 


,  1-U 


U..1 


,x*<-m.  Mel.  Ind.,  190S.  v 


416. 


Uk,   .l/.H.   H'.-rlJ.   I 


"  Mis'hvn.  RUhrvn.  Knelcn,"  Spamer,  Leipsic,  1911. 
i.  ,1/m,  .<-,  loi--.  x.iv.  3P0. 
'  IVLiiU:  Hoiiiuii.  ■■.Mclallurp-  of  Co|ii«^r." 
■  M.1W.11  K.l».ifa.  Mfl.  Chfm.  Kfij..  igio.  vni,  585. 

'  Ui-li..]..  Hf^lAkfm.,inJ  Mtl..  1007,  III.  i&::Pror.  CiJb.  Sc.  Soc.,  190S,  K,  99. 
<  ,i»J  Minr-rjls.  looS.  x\re.  ^o. 
■I.  .s\.,  1010.  LxiL,  47--;  191;.  L.W.  36s;  Utt.  CAew.  £»j.,  ipio.i-in,** 
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center  is  a  pipe,  supported  by  braces  from  the  side  of  the  vat,  which  extends  frotd 
near  the  bottom  to  a  sloping  roof  above;  in  it  revolves  a  shaft  carrying  a  driving- 
pulley  and  a  number  of  screw-propellers;  these  draw  the  pulp  into  the  pipe  and 
discharge  it  on  to  the  sloping  roof  where  it  comes  in  contact  with  the  air.  The 
apparatus  is  built  in  three  sizes,  8  (t.  in  diam.  with  6  tons  of  ore  to  a  charge,  iift. 
with  i8  tons,  and  17  ft.  with  35  tons.  A  17-ft.  agitator  with  a  2-ft.  pipe,  whett  ] 
charged  with  70  tons  of  solution  and  35  tons  of  ore,  requires  8  h.p,,  and  the  pulp  1 
is  turned  over  every  6  min. 

By  suspending  suction  filters  in  the  tank  Hendryx'  combines  agitation  and.  J 
filtration  as  do  Blaisdell  (5307)  and  Ak  ins- Roth  well.*  In  recent  years  when-  T 
ever  possible,  mechanical  agitators  have  been  replaced  by  air- agitators.  The  \ 
older  apparatus,  still  in  extensive  use,  consists  essentially  of  a  shallow  tank, 
along  the  bottom  of  which  are  placed  zig-zag  or  radial  pipes  with  borings  on  the  ■ 
upper  sides.  The  compressed  air  rises  through  the  holes  in  a  finely-divided 
state,  stirs  the  solution  and  aerates  it  at  the  same  time.     Such  vats  require* 
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FiC.  57i.-»— Palmarejo  agitation  vat. 

about  Joo  cu.  ft.  of  air  per  sq.  ft  perhr.  for  ordinary,  and  400  cu.  ft.  for  violent 
agitation.  A  modern  example  is  furnished  in  the  treatment  of  anode-mud  in 
an  electrolytic  copper  refinery.* 

In  recent  years,  in  connection  with  cyaniding,  air-agitation  of  pulp  contain- 
ing mixed  slimes  and  sands,  or  slimes  alone,  has  become  of  considerable  import- 
ance, as  it  accomplishes  with  the  desired  agitation  the  necessary  aeration  of 
the  solvent. 

The  Palmabejo  Agitation-vat*  is  represented  in  Fig.  571.  The  cylindrical 
Vttt  is  of  3-in  redwood,  its  conical  bottom  slants  45°  and  is  closed  by  a  cast- 

'  £«(.  iSai;  1908,  XXXVI,  4851  Proc.  Colo.  Sc.  Soc,  njoS,  ix,  99. 

'  Colorado  Iron  Works  Co.,  Denver,  Colo. 

'  Davis,  G.  E.,  "Handbook  of  Chemical  Engineering,"  Muicfaetter,  1904,  U,.i5j. 

'Hofman,  "MetaUurgy  ol  Ci^per." 

'  Oinun,  Tr.  A.  I.  M.  E.,  1906,  xxxvi,  a6g. 
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iion  plate;  a  is  a  4-m.  suction-pipe  with  movable  elbow,  b,  and  pipe,  c,  pro- 
vided with  strainer,  d,  of  i/8-in.  iron  perforated  by  i-in.  hcdes;  e  is  an  air-cock; 
/,  service-cock  to  dose  a  for  repairs  at  the  pump;  g,  a-in.  pipe-line,  with  valve  A, 
connected  with  an  upper  solution-tank  from  which,  after  closing/,  clear  solu- 
tion is  drawn  to  wash  the  solid  matter  from'the  pump;  i,  4-in.  discharge-pipe; 
j,  bibb-nosed  pet-cock  for  taking  samples;  k,  drop-pipe,  extending  to  within  15 
in.  from  bottom,  supported  by  clamp  and  4  legs  made  of  3/4-in,  bolts;  I,  air- 
cock;  m,  small  pipe-line,  with  valve,  n,  connected  with  g  to  supply  clear  solu- 
tion {5-6  tons  per  charge)  to  bearings  of  pump.  The  4-in.  centrifugal  pump, 
lined  with  manganese  steel,  is  run  at  900  r.p.m.;  the  3  1/2-in.  discharge-cock  is 
placed  10  in.  above  the  bottom. 


The  Trent  Agitator  is  an  apparatus  used  for  agitating  slimes  in  cyanide 
plants.  Fig.  573  shows  a  circular  tank  having  in  the  center,  on  the  bottom,  a 
grit-proof  step-bearing  connected  below  with  an  inlet-pipe,  and  carrying  a 
reaction  wheel  with  the  tangential  nozzles  pointing  .downward.  The  pulp 
overflowing  at  the  side  of  the  tank  is  delivered  to  the  suction  of  a  centrifugal 
pump  and  forced  through  the  i^scharge  connected  with  the  inlet-pipe  of  the 
tank.  The  pulp  forced  outward  and  downward  through  the  nozzles  causes  the 
shaft  to  revolve  in  an  opposite  direction;  the  Jets  sweep  the  bottom  of  the  tank, 
and  the  contents  are  continuously  agitated.  The  solution  can  be  aerated  by 
opening  the  air-cock  on  the  suction-pipe  of  the  pump.  A  tank  36  ft.  in  diam. 
and  22  ft.  deep  requires  7.5  h.p. 

An  agitator  aiming  to  stir  in  the  manner  of  Trent,  but  in  a  different  way,  is 
the  Soils  Compressed-air  Slimes-agitator.' 

>  Lyie.  Wal.  Cktm.  a>id  Mel.,  1967,  m,  3iy,  Uit-  Xif.,  :'y07,  lvi,  474. 
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Brown  or  Pacitoca  Agitating  Tank.'^TIus  tank  which  was  used  at  firs 
in  New  Zealand  for  slimes  alone,  is  now  being  widely  used  for  mixed  sands 
and  slimes.  As  seen  in  Fig.  573  it  consists  of  a  cylindrical  steel  vessel, 
14X44.  ft.,  with  corneal  bottom  having  a  slope  of  Go".  The  cylindrical  shell 
extends  to  the  floor,  is  stiffened  by  vertical  angle-irons  and  strengthened  by 
triangular  braces  of  angle-iron  extending  from  center  to  sides.  The  lower  end 
of  the  cone  is  closed  by  a  cast-iron  plate  which  has  a  5-in.  discharge- hole  with 
quick-opening  gate-valve;  a  doorway  boIohou 

in  the  lower  part  of  the  shell  gives 
access  to  the  cone,  and  a  man-hole  in 
the  latter  allows  inspection  of  the 
inside.  In  the  center  of  the  tank  is 
a  vertical  cylindrical  tube  (air-lift), 
open  at  both  ends  and  i/io  of  the 
diameter  of  the  tank.  It  extends 
from  about  18  in.  from  the  bottom  to 
about  14  in.  from  the  top.  One 
small  pipe  (i  i/i  in.)  for  compressed 
air  passes  down  the  center  to  the 
bottom  of  the  tube  and  allows  air  to 
escape  as  long  as  its  pressure  exceeds 
that  of  the  head  of  the  pulp  in  the 
tank.  The  air  lightens  the  column 
inside  of  the  lube  and  causes  it  to 
overflow  into  the  tank,  in  which  the 
solution  is  kept  i  ft.  or  more  below  ' 
the  top  of  the  tube,  while  fresh  pulp 
runs  in  at  the  bottom.  A  second  , 
i-in.  air-pipe  passes  downward  out- 
side of  the  central  tube  and  serves  to 
keep  the  pulp  in  suspension  while 
the  tank  is  being  filled  or  emptied. 
Finally,  there  is  an  annular  casting, 
near  the  bottom,   surrounding   the 

central  tube.  It  is  fed  from  a  solution-  or  water-pipe,  a  in.  in  diam.,  and 
distributes  pressure- water  through  eight  flushing -pi  pes  to  wash  down  sands 
that  settle  on  the  conical  bottom  after  agitation  has  stopped.  The  initial 
air-pres,sure  must  be  as  high  as  50  lb.,  but  when  started,  35  lb.  is  sufficient. 
The  amount  of  air  required  varies  with  the  pro]mrtion  of  sand  and  slime. 
Usually  loocu.  ft,  of  air  per  min.  will  keep  the  pulp  in  suspension  and  circulation. 

'  Comp.  Air,  igoS,  xin,  4779;  Enf.  Min.  J.,  1908,  uotxvi,  471  (Barbour),  65'  (Rice),  90t 
(Lamb);  itin.  Sc.  Frrss.  1908,  Lxxxvrr.  41J  (Brown),  1910,  ci,  5.19,  844  (Yacgcr),  igii,  ein, 
80  (Grotc),  409  (Swarent;  J.  CHtm.  Mtt.  Min.  Sot.  Sa.  AJr.,  igii.  xi,  41J  (Allen);  Tr.  Mn. 
Iml.  Min.  Met.,  1909-10.  i,  "3  (Kuryl(i)i  Uiti.  Se.,  1910,  Lxn,  56  (KuryU);  Win,  It  ufW, 
1911,  XXXiv,  1079  (Crothc);  Tr.  A.  I.  M.  £.,  1911,  xui,  595  (Adams),  S07  (Ltiu). 
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A  plant  treating  loo  tons  of  mixed  sand  and  slime  per  day  requires  a  io-h.[L 
compressor.  A  tank,  as  shown  in  Fig.  573,weighsi7  1/4  tons  when  empty  u^ 
300  tons  when  filled;  about  3  1/3  h.p.  is  required  for  agitating;  a  chargeof  gold 
ore  in  cyanide  solution  takes  about  zo-hr.  treatment. 

In  regard  to  power  required,  the  data  in  Table  221  are  given  by  Lamb.' 


Table  jii.— Power-deta 

iLS  OP  Pachuca  Tahks 

Tank, 

diam.  by  height. 

feet 

Ote 

Charge, 
tons 

Free  ail, 
cubic 
feet 

pounds 

per  square 

inch 

Horse- 
power 

Pulp 

7.SX37 
7.SX37 
10X40 
13XSS 
10X40 
7.SX37 

Slime 

Concentrate 

SUme 

Slime 

Fine  sand.... 
Battery  pulp 
Battery  pulp 
Battery  pulp 

40 

35 

so 

5 

"7 
9 
16 
^5 
14 

J8 

16 
33 

13 

3S 

\ 

5 

75 
75 
IS 

4 
3 

Thm. 
Thin. 

■nua. 

Tlun. 

13XSS 

Brodie*  has  added  drculation-pipes  to  the  Pachuca  tank  which  prevent  any 
accumulation  of  heavy  sands  near  the  bottom  and  permit  the  treatment  ol 
coarser  material  than  is  usually  the  case. 


Continuous  Pachuca  Tank— The  ordinary  Pachuca  tank  requires fiUingi 
iiHitatinK,  and  emptying  with  every  charge.  In  order  to  make  the  process  cod- 
tiiuii)us,  tanks  have  btcn  arranged  in  series,  with  a  4-in.  drop  from  tank  to  tank, 
asshdwnin  Fig,  574,*     Wooden  bojfes,  7  in,  wldeXioin.  longandfiin.  deq)wtb 

'  Eng.  ,\fin.  J.,  looS,  Lxwi,  poi. 

'  I'Mn.  Min-  J.,  moo.  i,\\xvir,  695. 

'Ailjnis,  7>.  A.  !.  il.  £,,  igit.xui,  sqs- 
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sUding  doors,  are  fixed  against  the  15-in.  central  tubes  with  their  tops  flush  with 
the  top  ot  the  tubes;  a  4-111.  horizontal  pipe  passes  from  the  bottom  of  each  box  to 
the  next  tank  in  series;  by-passes  fitted  with  valves  join  each  pipe-connection  with 
the  rest  in  service.  The  bottoms  of  the  tanks  are  connected  with  two  centrifugal 
pumps.  The  last  tank  of  the  series  discharges  intermittently  into  the  pulp-tank 
of  a  Moore  filter  {Fig,  610) ;  for  this  purpose  the  central  air-lift  is  provided  with 
two  pairs  of  sliding  doors  which  permits  agitating  at  different  levels;  pulp  is 
drawn  oS  at  the  required  intervals  through  the  bottom  either  by  hydrostatic 
pressure  or  by  4-in,  pumps. 

The  Pabral  Tank.' — This  is  a  flat-bottom  tank.  Figs,  575  to  577,  25  ft. 
in  diam.  and  42  ft.  high,  having  four  ii-in.  vertical  pipes,  ra  in.  from  the  bottom 
and  4  ft.  from  the  side;  compressed  air  is  admitted  to  a  pipe  at  the  bottom 


Fio   575— Verticol 


jn  Fig    576      Top      ew  Ftg.  577.- 

Fics.  575,  576   ind  577.— Parral  tank. 


through  a  nozzle  with  ball-valve.  The  elbows  at  the  top  of  the  pipes  have 
outlets  so  placed  as  to  discharge  the  pulp  in  the  lines  of  segment  cords;  the  force 
of  discharge  in  the  same  direction  sets  up  a  rotary  flow  which  extends  to  the 
bottom  of  the  tank.  It  is  claimed  that  settling  or  coning  of  material  does  not 
occur  owing  to  the  rotary  motion  of  the  pulp;  but,  even  if  a  cone  forms,  it  is 
likely  to  remain  constant. 

The  Rothwell  Continuous  System*  aims  at  solution  of  metal  by  agita- 
tion, separation  of  treated  pulp,  precipitation  of  extracted  metal  and  discharge 
of  waste  liquor.     An  earlier  arrangement  is  that  of  Taylor-Jay.' 

305.  Filtering  Apparatus  in  General. — The  separation  of  solid  matter  from  a 
liquid  by  the  ordinary  method  of  gravity-filtration  is  satisfactory  as  long  as  the 


>  MftcDooald,  Tr.  A.  I.  if.  E..  1911,  xu; 
Megraw,  Enf.  Min.  J.,  tgii,  xciv,  361. 
'Met.  Cliem.  Eng.,  1911,  ix,  373. 
•  Wtst.  Chem.  Mtt.,  1909,  V,  16;. 
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ore  is  sufficiently  coarse  to  allow  the  liquid  to  percolate  at  a  desired  rate  thnm^ 
the  open  spaces  between  adjacent  particles.  With  finely-divided  suqxsded 
substances,  such  as  slimes  and  many  predpitates,  which  clog  the  pons  ot  t 
filter,  it  becomes  necessary  to  force  the  liquid  through  the  filter.  This  must  be 
strong  and  porous,  but  still  sufficiently  close  to  hold  back  the  solid  matttr. 
Forced  filtration  is  accomplished  either  by  a  filter-press  in  which  the  oeoesiiijr 
pressure  is  put  on  the  turbid  liquid  in  a  number  of  connected  filterii^  chanbes 
by  means  of  a  pump,  an  air-compressor,  and  overhead  tank;  or  by  a  frtssm- 
filter  in  which  pressure  is  applied  to  a  single  tank  holding  a  number  of  filltr- 
leaves;  or  by  a  suction-filter  in  which  a  vacuum  is  created  inside  of  the  filler- 
leaves  by  means  of  a  pump  or  some  other  suction-device. 


Fics,  578  lo  ;3i.^36-inch  square  filter-press. 


306.  Filter-presses, '^A  filter-press  consists  essentially  of  a  number  (as 
many  as  90)  of  upright  connected  chambers  (usually  rectangular,  but  somelimK 
circular  or  triangular)  which  are  surrounded  by  a  filtering  medium,  Figs.  jiS 
to  581,  A  chamber  is  formed  either  by  adjoining  plates  (iz  to  42  in.  sq.)  having 
recessed  (aces  (chamber-presses.  Figs.  582  to  585),  or  by  frames  (i  to  3  in- 
thick)  being  placed  between  flat  plates  (frame-presses.  Figs.  586  to  589).  "^ 
plates,  with  or  without  frames,  are  clamped  together.  Figs.  578  to  581,  between 
a  mo^■ill)le  and  a  fixed  head  by  pressure  exerted  (from  a  screw,  a  bell-crank  lever. 


"Gold  It  lining  and  Milling  ir 


'(•|iiirUn>n,.-\.  { 
;w  V..rk.  i<>o.i. 

Allfn,  R,,  "WVst  Australian  Metallurgical  Practice,"  Kalgoorii 

M.Ndll.   7V.  Imt.  Mil.  \trl..  1807-0S,  vi,  147. 

Kixim,  I'roc.  Chem.  Mrt.  See.  So.  Ajr.,  1903-03,  in,  13, 

I'riihard,  Kng.  Min.  J.,  1904,  L.\xvii,  601. 

Ucnny,  Proc.  So.  Afr.  Assoc.  Eng.,  1905-0G,  xi,  295. 

James,  Min.  Sc.  Prtss,  15,10,  r.  41.. 

RlihliT,  Braunk^hlr.  1010,  viic,  737. 

Y.ninK.  Tr.  A.  I.  .U.  F...  loii,  \ui.  isi. 

Wariiiik,  Min.  /:«;.  WorlJ,  1913,  xxxvjii,  665. 
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or  pressure-water)  upon  the  movable  head  in  the  direction  of  the  axis  of  the 
press.  The  fixed  head  serves  as  one  of  the  supports  of  the  machine.  A  special 
standard  through  which  the  pressure  is  applied  is  the  other  support.  The 
two  are  connected  by  a  pair  of  parallel  hea\-y  steel  bars  which  take  up  the 
working  pressure  and  carry  the  weights  of  the  plates,  the  frames  and  the  mov- 
able head,  each  of  which  has  a  supporting  lug  on  either  side.  The  chambers 
are  connected  with  one  another  by  holes,  in  the  centers  and  margins  of  the 


recessed  plates,  Figs.  582  to  585,  or  in  the  margins  of  the  flush-plates  and  frames," 
Figs.  586  to  589,  which  form  continuous  channels  for  the  liquids.  The  turbid 
liquid,  forced  by  means  of  a  gravity-head,  a  pump  with  air-vessel,  or  a  monlejus 
through  the  lixed  head,  travels  through  one  set  of  channels  into  the  chambers, 
and  the  filtrate  from  back  of  the  filters  through  another;  the  solid  matter 
remains  in  the  chambers  and  forms  a  cake  from  less  than  t  in.  to  3  in.  thick, 
which  is  removed  at  intervals  after  the  press  has  been  opened. 


Figs.  586  to  589. — Frame-press  with  washing  channels. 

The  Merrill  and  Swcetland  presses  (see  below)  are  exceptions  to  this  general 
statement.  Separate  channels  in  alternate  plates  are  provided  at  or  near  the 
corners  for  the  admission  and  discharge  of  the  wash-waters.  In  metallurgical 
plants  the  non-washing  filter- presses  of  some  chemical  manufacturies  are  little 
used,  excepting  perhaps  with  presses  that  are  used  for  clarifying  solutions.' 
The  plates  and  frames  are  made'  of  cast-iron  or  steel  as  long  as  the  liquid  is  not 

'Vmea,  J.,  Cktm.  Met.  Mia.  Sac.  So.  Ajr.,  1906-07,  vii,  3. 
*  HBlK'hcck,  Eieclrochem.  Uet.  Ind.,  1905,  Ul,  no. 
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corrosive;  with  acid  liquors  the  iron  is  coated  with  tin,  lead  or  rubbci, 
and  frames  are  made  of  anLimonial  lead,  gun-metal  or  wood. 

In  plates  it  is  necessary  to  consider  the  quality  and  durability  of  the  1 
and  the  panel,  while  in  frames,  of  course,  only  the  border  needs  attention, 
borders  of  both  are  planed  so  that  when  forced  against  the  interveoing  I 
cloths  they  will  form  a  tight  joint  (Figs.  503,  582,  586,  and  588).    Ini 
the  planed  borders  are  painted  with  P.  &  B.  paint,  as  this  coimteracts  1 
by  securing  a  good  contact.     The  panel  of  a  plate,  usually  of  the  same  malmal 


I 


Fit;,  sgo. — Ribbed 


Fic.  591.— Perforated  short 

for  ribbed  jianel. 


as  the  border,  may  have  a  few  ribs  covered  by  a  perforated  sheet.  Figs.  390 
and  591,  or  be  corrugated,  Figs.  587  and  5S9,  or  provided  with  short  trunoud 
pyramids,  Fig.  592,  or  cones,  Figs.  583  and  585;  the  last  forms  furnish  the 
greatest,  the  first  the  smallest  area  of  supported  filter-cloth.  Along  the  top  uul 
bottom  of  the  panel,  Figs.  587  and  589,  are  drainage-grooves  for  the  filtnitt 

The  press  of  the  Niles-Bement-Pond  Co,,'  Fig.  593,  has  a  comigitrd 
steel  plate,  A ,  held  loosely  in  a  cast  iron  frame.  F\  this  arrangement  permits  having 
a  deep  groove  and  reduces  the  weight  of  the  plate.     In  some  presses  used  in  tiie 


Fig.  591.— Panel  wiih 


manufacture  of  chemicals  the  plates  arc  cast  hollow  for  heating  with  steam  ot 
cooling  with  freezing-solution. 

The  common  filtering  medium  is  cotton  duck;  woolen  material  is  usrd  wilh 
dilute  acids;  asbestos  cloth  with  concentrattd  acid,  and  paper  backed  by  cotton 
duck  for  precious-metal  precipitate.  The  method  of  attaching  the  fdter-ciolli 
varies  with  the  form  of  the  press  and  with  the  character  of  the  liquid.  Willi  a 
chamber-pres-s  and  a  non-volatile  liquid  admitted  through  the  central  channrl, 
lltd  liuR-ikhaped  filter-cloth  with  central  holes  is  slipped  over  the  plate  aai 
'  /;«/  MtH.  J.,  1904,  Lxxviit,  WA. 
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tightened  at  the  center  by  means  of  two  flanged  unions.  Fig.  584,  having  ma] 
and  female  screw-threads;  the  cloths  must  lie  smoothly  as  they  constitute  the 
packing  for  the  borders.     With  a  voladle  liquid,  the  lilter-cloths  may  not  extend 
outside  of  the  press.     A  single  cloth  is  laid  over  the  panel,  Fig.  583,  from  which 
project  a  number  of  screws,  a  frame  with  corresponding  holes  is  placed  over  the  J 
cloth  and  fastened  down  with  thumb-nuts  (Fig.  581,  section  Z)-£) ;  the  central  I 
opening  is  made  tight  as  shown  in  Fig.  584,     In  order  to  make  the  border  ga»-« 
tight,  one  plate  has  a  dove-tail  groove  carrying  a  rubber  gasket  (Fig.  582, T 
section  D-E),  while  the  other  has  a  projecting  rib.     With  a  frame-press,  the! 
lilter-bag,  Figs,  586  and  588,  is  simply  slipped  over  the  plate  and  tightened  byl 
the  borders.     When  necessary,  the  projeotions  or  borders  through  which  thcT 
channels  pass  are  made  tight  in  both  classes  of  presses  by  cloth-covered  ringal 
placed  in  recesses  made  around  the  holes. 

The  mode  of  operating  differs  with  the  character  of  the  press.  The  following 
description  may  serve  as  an  e.'iample  for  filtering  and  washing  in  a  frame-press 
of  the  Dehne  type.'  Supposing  the  press  to  be  closed,  as  shown  in  Figs.  578 
and  580,  the  slime-pulp  enters  the  channel,  E,  Figs.  587  and  589,  and  passes 
through  ports  in  the  frames  (not  shown)  into  the  chambers,  K,  Figs.  586  and  588; 
the  liquid  filters  through  the  cloth  on  either  side,  flows  downward  in  the  grooves 
back  of  the  filters  and  runs  along  the  bottom -channel,  Figs.  587  and  589,  to  the 
outlet-cock,  (',  of  both  plates,  /  and  //.  When  the  chambers  are  filled  with 
solid  material,  the  channels,  E,  and  cocks,  i,  are  closed,  and  wash-water  is  forced 
through  the  wash-water  inlet-channels,  A,  Fig.  587,  which  are  connected  by 
ports  with  plates,  /,  back  of  the  filters;  the  water  rises  in  the  grooves  as  indicated 
by  the  arrows.  Fig.  588,  spreads  over  the  filter,  passes  through  it  into  the  cake, 
traverses  this,  rises  in  the  grooves  of  plate,  II,  leaves  this  through  its  port  and 
enters  the  wash-water  outlet,  D.  When  wash-water  is  admitted  in  A,  the  air- 
channels,  F,  in  plates,  /,  are  opened,  and  then  closed  again  when  water  appears 
in  them.  Instead  of  using  channels,  D,  the  water  can  be  discharged  through 
cocks, ),  of  plates,//,  by  closing  Dandopcningi,  while  cock,  1,  in  plate  /  remains 
closed.  If  the  filtrate  is  not  to  flow  through  i  into  a  trough,  Figs.  578  to  581, 
but  is  to  be  discharged  at  a  higher  level,  air-channel,  F,  in  plate  /  and  wash- 
water  outlet  channel  in  plate  //  can  be  used  for  this  purpose.  I 

With  chamber- presses  the  procedure  of  filtering  differs  slightly  from  that  I 
with  plate-presses,  while  the  operation  of  washing  is  the  same.  In  a  chamber- 
press  the  turbid  liquid  enters  chambers,  A',  through  the  central  openings,  B, 
Figs.  583  to  585;  the  solid  matter  remains  behind  and  fills  the  chamber,  while 
the  liquid  passes  through  the  adjacent  filter-cloths  into  channels  as  in  plate- 
presses.  A  cake  of  orc-slime  will  retain  from  30  to  50  per  cent,  water;  the 
cake  from  a  chamber-press  usually  contains  more  water  than  that  from  ii 
plate-press. 

The  capacities  of  some  chamber-  and  plate -presses  are  given  in  Tables  jj2 
to  335, 

'  The  Klein  press.  Schanilin  &  Beclter.  Afelallurfie,  11)05.  11,  »36,  U  similar. 
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Table  222. — Chamber-presses  of  W.  R.  Perrin  &  Co.,  Chicago,  III. 


Size  of 

plate, 

inches 

Number 

of 
plates 

in 
press 

Thickness 

of 

cake, 

inches 

Filtering 

area  in 

square 

feet 

Cai>acity 

in  cubic 

feet 

Working 
pressure 

Weight 

of 

plate, 

pounds 

Weight 

of 

preM, 

pounds 

Ccst 

of 

plate 

Colt 

of 

pfca 

18 
18 
18 
18 
18 

IS 
20 

25 

30 
35 

I 
I 

X 
X 
X 

44 
58 
72 
86 
100 

X.8 

2-4 

3.0 
3.6 
42 

X50  lbs. 

to 

square 

inch 

60 
60 
60 
60 
60 

1.800 
2  100 
2.400 
2,700 
3.000 

>S  00 
5.00 
5  00 
5.00 
S-OO 

J»5  00 

2J0.M 

255  «• 
280.M 
305.00 

a8 
38 

38 

20 
25 
30 
35 

154 
191 
228 
265 

7.8 

9  7 
II. 6 

13  5 

150  lbs. 

to 

square 

inch 

ISO 
150 
ISO 

ISO 

S.7S0 
6,500 
7.2SO 
8,000 

lio.oo 
10.00 
10.00 
10.00 

5IS.OO 
565.00 
61500 

Table  223. — Chamber-presses  of  T.  Shriver  &  Co.,  Harrison,  N.  J. 


Size  of  press, 
inches 


I  J 

M 

13 

I  J 

iH 

rH 

18 

^1 

n 

n 

37 

a? 

.<^' 

.}^ 

i'» 

3^ •  • 


Number 

of 
chambers 


6 
12 
18 
24 


12 

24 
36 


18 

24 
30 
36 
48 


36 
48 
60 
72 


Nominal 
filtering  area 

in 
square  feet 


8 
16 

24 
32 


37 

73 
no 


128 
170 

213 
255 
340 


461 
691 
768 
921 


Thickness 

of  cake, 

inches 


I 
I 
I 
I 


I  or  li 
I  or  1} 
I  or  1} 


I  or  I J 
I  or  1} 
I  or  I J 
I  or  1} 
I  or  li 


I  or  I J 
I  or  I J 
I  or  I J 
I  or  li 


Cubic  capacity         Working 

pressure 

per 

I  inch     I    1 1  inch     square  inch, 

pounds 


cake 


o.  27 

0.55 
0.82 

1.09 


I  31 
2.62 

3  93 


480 
6.40 

8. GO 

9.60 

12.80 


cake 


1.64 
3.28 
4.91 


6.00 

8.00 

10.00 

12.00 

16.00 


16.92 

21.15 

23.76 

29.70 

29.70 

3713 

35  64 

44.55 

150 

ISO 
ISO 
150 


150 

150 
ISO 


150 
ISO 
150 
150 
ISO 


100 
100 
100 
100 
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Table  »»4. — Fkahe-fbesses  of  W.R.  Pekkin  &  Co.,  Chicago,  III. 


,  Sue°[ 

o( 

Number 

]  FilWf- 

«U  of    i      .H. 

ityin 
eubie 

WorkinB 

Weight 

of 
pUtc 

Weight 

of 

of 
pints 

Cort 
o[ 

pnH 

[Kt 

f»»» 

ftrnmo 

.4 

JO 

3. 

t™. 

IJO  IbL 

P1at« 

PUte 

t    Ml-0» 

36 

t  8.00 

14 

40 

■" 

' 

Ml 

■  OS 

squBTB 

Pram. 
4olbi. 

T,7S0 

Pram. 
t  boo 

Soi.w 

18 
I8 

T, 

aa 

; 

ifig 

;;.: 

ISOlla. 

ifiS  Ihs. 
PlQnio 

11.300 
■  l.SIO 

Piste 
(lO.SO 

*    843.00^ 

IS 

40 

41 

' 

3IS 

'*■* 

... 

8s  Ihi. 

t3.aoo 

1  8.00 

i.oi8.oa 

40 

JO 

31 

3 

ST3 

Tl.T 

..c.b. 

PUle 

3T.100 

PUu 

il..0O.tf 

*' 

TS> 

04.8 

■qun 

390  1b>. 

47.000 

I3O.0O 

Prmme 

>.lBo.»« 

4<i 

so 

51 

* 

Mi 

117.0 

-' 

'""- 

44.100 

llS.Oo 

J.o6o.o^ 

Presses  are  filled  from  an  overhead  lank  when  this  is  feasible;  the  pressure- 1 
head  should  not  be  less  than  i6  ft.*  In  most  cases,  however,  pressure  is  applied' J 
frotn  an  air-compressor  or  a  reciprocating  pump.  At  first  mottlejus  were  mainly  I 
employed.  In  cyanide-plants  they  are  being  more  and  more  replaced  by  belt-  1 
driven  2-  or  3-throw  plunger- pumps,  as  the  cost  of  compressed  air,  the  loss  I 
of  air  with  every  filling  of  the  montejus,  the  waste  caused  by  air-agitation  j 
while  filling  the  montejus,  make  its  use  expensive.  Thus  in  Western  Australia*  ] 
filling  with  compressed  air  costs  from  25  to  40  per  cent,  more  than  working  with  ] 
pumps. 

In  filter- pressing,  it  is  necessary  to  work  slowly,  especially  at  the  start,  a 
otherwise  the  filtrate  is  liable  to  become  turbid.  The  lime  required  for  filling  1 
and  emptying  a  press  varies  mainly  with  the  character  of  the  solid  matter  and 
the  kind  and  size  of  the  press.  McNeill*  gives  the  following  data  for  slime,  from 
cyaniding  gold  ore  in  Western  Australia,  with  a  2o-chamber  press  holding  about 
1.25  tons  of  dry  slime  in  cakes  28  in.  sq.  and  j  in.  thick:  filling  15,  washing  19, 
emptying  16,  total  50  min.,  or  say  i  hr.  Reducing  this  to  the  general  state- 
ment of  press-capacityintonsof  slime  per  ton  slime  treated  per  day, gives  1.35  : 
30=0.042  ton.  Yates^givesfor  two  Johnson  presses,  48  in.  sq.  with  24  chambers 
and  cakes  3  in.  thick,  each  holding  5  tons  of  slime  and  treating  together  120 
tons  of  slime  {=  104  tons  of  dry  slime)  0.080  ton.    An  average  of  six  Western 

■  Longguth,  FilUaiion  of  Gold  prccipiuied  with  S0|  nnd  H|S.  Tr.  A.  t.  if.  £.,  1S91,  xxi, 

'Eng.  Min.  J.,  1904,  lxxvii,  6o». 

■  TroHj.  Inst.  Uin.  UtI.,  tH^j-pS,  vi,  147. 
'Pnc.  Cktm.  Mil.  Sot.  Se.  Ajr.,  1901-03,  in,  36. 
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Table  115.— Frahe-phesses  or  T.  Shkiver  ft  Co.,  Haxsibon,  N.  ]. 


SiM  of 

Number  of 

Nominal 
filtering  area 
in  square  feet 

Thick  oess 
of  cake, 
inches 

Cubic 
ca.pacity 
I  inch  cake 

Working 
pressurtpn 

square  iodi, 
pound) 

6 

30 

I  to  3 

1  to  3 
1  t0  3 

0.31 

0.64 
0  96 

ISO 
ISO 

>io 

19 

18 

»4 
30 

47 
70 
94 
"7 

I  to  3 
I  to  3 
1  to3 
1103 

1  95 

3  89 
4. 87 

150 
150 
150 
150 

j8 

14 
30 
36 

169 

»S3 
29S 

I  to  6 
1  to6 

I  tD6 

1  to6 

6.96 
8.70 
10.44 
ia.i8 

ISO 

ISO 
150 

*4 
30 
36 
48 

166 

333 
39SI 

S3  J 

I  to6 
1  to6 

1  to  6 
I  to  6 

11.08 
13.68 
16.63 

11.17 

■00 

109 

30 

48 

60 

375 
45° 
S8o 
75° 

:  to  6 
I  to  6 
I  106 
1  to  6 

15-63 

18-75 

31-25 

100 

32 

100 

3e 

48 
60 

S8s 
683 

7S0 
575 

t  106 
,to6 

1106 
1  to6 

»4.36 
"8.43 
32-49 
40. 6t 

TOO 

J 

36 
4J 

48 
60 

800 
533 
1,067 
1,334 

I  to  6 
I  to  6 
I  to  6 
I  106 

33  34 
38.88 
44  44 

ss  ss 

JS 
75 
7S 
7S 

42 

" 

Australian  mills'  with  37  presses  having  a  combined  capacity  of  122.4  tonsot 
dry  slime  and  treating  in  24  hr.  833  tons,  gives  the  figure  of  0.149  ton. 

The  Merrill  Press,'  represented  in  Figs.  594  and  595,  is  of  the  frame  tyft. 

'  Julian,  n.  F.,  and  Smart,  "Cyaniding  Cold  and  Silver  Ores,"  Lippincott,  Phil 

1907,  p.  : 


rrill,  Tr.  A.  I.  M.  E.,  1904,  xxxiv,  585. 
Hosqui,  hlin,  Sci.  Press,  :go7,  xcv,  ii. 
Khle,  Afines  and  MinrraU,  1907,  xwii,  360. 
Slcrrill,  ling,  Min.  J.,  1911,  xci,  7»l. 
CUrk-Sharwood,  Tr.  Insl.  Min.  Sfel.,  191: 
10J9,  1090,  1142,  li89i  £n{.  J/in.  J.,  1913,  xcv, 


;  MiH.  Eitt-  World,  i9ii,!cacvli, 
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It  has  a  very  large  capacity  and  is  so  constructed  that  the  cake  is  sluiced  out  I 
without  the  press  being  opened.  There  are  91  plates,  Fig.  594,  and  92  frames^,! 
Fig-  S9S.  each  4  ft.  high  by  6  ft,  long,  and  4  in,  thick.  The  original  plates,! 
shown  in  Fig.  S94,  had  in  the  center  two  sets  of  grooves  at  right  angles  to  on»l 
another,  and  in  the  rest  of  the  panel  pyramidal  knobs  with  parallel  base-lines,  f 
They  showed  lines  of  weakness  and  have  been  replaced  by  panels  covered  withJ 
staggered  knobs.  Of  the  gs  frames  6  have  a  top-feed  and  bottom-discharge;  a.  I 
few  have  two  top-gates  to  permit  examination  of  the  chambers;  the  others! 
are  standard  frames  with  no  extra  openings.  The  front  and  rear  standards^  1 
46  ft.  apart,  are  connected  by  15-in.  channels  which  are  strengthened  in  the  J 
center  by  adjustable  posts,  B,  Fig.  594,  and  these  are  tied  acrass  the  tops  by  I 
rods,  D,  to  prevent  any  sagging.  The  lugs,  C,  with  which  the  plates  and  frames  1 
rest  on  the  channels  have  roller-bearings.     A  plate.  Fig,  594,  has  four  3  1/2- 


openings  in  the  corners;  the  upper  serve  for  the  circulation  of  air,  the  ]i 
circulation  of  solution;  there  is  also  an  upper  central  4-in.  opening  for  the  enter- 
ing pulp  and  a  lower  6-in.  central  opening  for  the  sluiced  slime;  lastly  there  are 
six  small  openings,  A ,  which  pass  through  the  grooved  panels;  the  two  on  the 
left  are  connected  through  cored  ports  with  the  left  solution-  and  air-channels; 
in  the  two  adjoining  plates,  the  two  side-holes  arc  situated  to  the  right  and  con- 
nected with  the  right  channels,  so  that  air  and  solution  shall  travel  as  indicated 
for  solution  alone  in  Fig.  588.  The  frame,  Fig,  595,  has  openings  similar  to 
those  of  the  plate.  The  upper  central  channel  has  three  ports,  C,  leading  into 
the  chamber;  the  upper  part  of  the  lower  central  channel,  B,  is  cored  out  for  a 
width  of  3  in.  leaving  on  either  side  a  rib  1/3  in.  thick.  Through  its  upper  por- 
tion reaches  a  3-in.  sluicing-pipe  provided  with  92  nozzles  i  in.  long  and  5/31  in. 
diam.  extending  into  the  chamber;  the  rear  end  of  the  pipe  rests  in  a  seat  of  the 
movable  head;  the  front  end,  connected  with  pressure- water,  passes  through  a 
stuffing-box  in  the  fixed  head.  The  pipe  is  rotated  mechanically  by  a  rack 
and  pinion  through  an  arc  of  120°  that  the  water  may  reach  every  part  of  the 
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slime-cake  in  the  chamber.    The  rotation  is  quick  when  the  nozzles  are  vertical, 
slow  when  inclined. 

One  electrically  driven  rack  and  pinion  suspended  from  an  overhead  trad 
serves  eight  presses.  Four  parts  water  under  a  head  of  50  lb.  per  sq.  in.  are 
required  for  one  part  of  slime-cake.  The  sluiced  slime  enters  the  crescent- 
shaped  space  between  the  3-in.  sluice-pipe  and  the  6-in.  delivery-channel  B, 
and  passes  ofiF  through  six  openings  in  six  bottom-discharge  frames  which  are 
opened  and  closed  together.    The  press  is  dosed  by  means  of  two  thrust-screws. 

The  press  was  developed  at  the  Homestake  mines.  There  the  slime  to  be 
filtered  has  a  consistency  of  3  tons  of  water  to  i  ton  of  dry  slime.  It  arrives  in 
a  lo-in.  pipe  imder  a  gravity-head  of  35  lb.  per  sq.  in.,  and  enters  the  press 
through  six  4-in.  branch-pipes,  the  cocks  of  which  are  opened  at  the  same  time 
by  one  movement  of  a  lever.  The  filtrate  passes  off  through  the  lower  openings 
and  is  collected  in  5-in.  pipes,  while  the  chambers  become  filled  with  well  com- 
pacted slime-cake.  The  cake  is  then  leached  with  water  containing  o.i  and  0.04 
per  cent.  KCN,  aerated  and  washed  in  6  hr.,  and  then  sluiced.  The  lime  required 
to  neutralize  the  acidity  of  the  pulp  clogs  the  filters;  it  is  removed  at  intenak 
by  treatment  in  the  press  with  HCl.  The  capacity  of  the  press  is  25  tons  of 
dry  slime.  The  time  required  for  a  complete  treatment  is  8  hr. :  filling  i  hr., 
treating  6  hr.,  emptying  i  hr.;  thus  the  capacity  is  75  tons  in  24  hr.,  and  the 
press-capacity  for  each  ton  dry  slime  per  day  25  :  75 =0.33  ton,  a  grjsat  advance 
over  the  data  given  on  page  725.  The  plant  has  (December,  1912)  28  presses.  • 
The  cost  of  treating  slime  at  the  H5mestake  plant  with  c^'^anide  is  given  in 
Table  226. 

At  the  Esperanza  mill,  El  Oro,  Mexico,*  two  90-frame  presses  are  in  opera- 
tion. The  3-in.  slime  cakes  are  freed  from  KCN  by  central-washing.  The 
wash- water,  admitted  through  a  central  feed-channel,  halves  each  cake  as  it  flows 
both  ways;  8  tons  of  water  under  a  pressure  of  65  lb.  per  sq.  in.  are  necessar)* 
for  washing  and  sluicing  i  ton  of  slime.  The  colloidal  character  of  the  slime 
made  the  usual  method  of  washing  unsatisfactory. 

The  Sweetland  Filter-press,^  Figs.  596  to  600,  consists  of  a  series  of  alternat- 
ing upright  frames,  A ,  and  plates,  B,  which  are  supported  in  the  usual  way  by 
lugs,  «,  and  clamped  by  jack-screws,  c,  acting  upon  two  movable  heads  d  andr. 
Both  frames  and  plates  are  of  cast-iron,  the  faces  are  machined  and  have  on 
one  side  a  rubber  gasket,  /,  to  form  a  water-tight  joint;  the  lower  parts  are  V- 
shaped  in  order  to  form  pockets,  w,  which  are  to  receive  the  sluiced  shme;  seven 
of  the  plates  have  outlets,  p,  for  the  slime.  The  upper  part  of  the  frame,  i4, is 
closed  i)y  two  layers  of  cocoa  matting,  q,  30  in.  sq.,  which  are  enveloped  by  a 
b.'i«  of  15-0Z.  duck  filter-cloth.  At  the  bottom  of  the  mat  is  a  flattened  and 
prrforatcd  pipe  which  is  connected  by  the  union,  m,  to  a  nipple  leading  to  the 

'  fjiff.  Sfin.  /.,  1908,  Lxxxvi,  762. 
'  './/irilarwl,  Eng.  Min,J.,  1908,  Lxxxv',  359. 
Wil-.oii,  Mines  and  Minerals^  1908,  xxix,  129. 

.^ii'\\i\\u\,  Min.  Worlds  1908,  xxdc,  565;  Min,  Sc.  Press,  1909,  XCDC,  853;  EUdrockm* 
i/w   iml  ,  njt'i,  VMI,  52;  Met,  Chcm.  Eng.,  1912,  x,  492. 
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channel,  k.  In  the  upper  part  of  the  frame,  B,  is  placed  the  spray-pipe,  o, 
to  wash  down  the  slime-cake  into  the  hopper,  w,  whence  it  is  discharged  through 
the  opening,  p,  into  pipes,  u  and  v.  In  the  latest  frames  the  mat  has  been  re- 
placed by  a  steel  plate  carrying  on  either  side  corrugated  boards  as  seen  in  Fig. 
599;  the  frame  is  then  slipped  into  a  filter-bag  and  the  open  end  sewed  up;  the 
filter  is  prevented  from  bulging,  when  pressure  is  applied,  by  holding  it  down 
with  vertical  hardwood  strips.     The  complete  filter-leaf  is  shown  in  Fig.  600. 


Table  226. — Cyanide  Slime  Treatment  With  Merrill  Press  at  Homestake  Plant 
Opemting  Costs  f>er  Ton,  March,  1908;  Total  Tons  Treated,  49,946 


Item 


Labor 


Electric 
power 

and 
lighting 


Cost  per  ton 


Chemicals 


Item 


Cost 


Other 
supplies 


Thickening ^     00370 

Transportation 


Neutralization 


.00625 


Filling  and  discharging 01040 


Dissolving  and  washing. 


Precipitation 


Heating 

Assay  office 

Superintendence 

Miscellaneous 

Fire  protection 

Refining,   bullion,   exprcssage 
and  mint  charges. 


02468 


.00116 
•00347 

.01502 


Lime 
4.476  lb. 


.00281 

.00218 
.00348 
.00911 
.01272 


Cyanide 

.31  lb. 
IICl 

Zinc 
.127  lb. 


.06200 
.02324 

.00762 


.00006 
.00030 

.00006 
.00239 

.00014 
.01 

(Goths) 
.00026 
.00057 

(Cloths) 
.00537 
.00518 
.00043 
.00117 
.00054 
.00864 


Total 07533 


01965  1 1524 


Total 


.00376 
.00030 

.02985 
.01626 


•13508 


.01126 

•00755 
.00866 
.00954 
.01389 
.00054 
.00864 


•  24533 


General  notes: 

Hydrochloric  acid  @.  $4.30    per  carboy — 10  carboys  per  press. 
Cyanide  @      .  20    per  lb. 

Lime  @      .005  per  lb. 

Zinc  @      .06    per  lb. 

Labor  @    3. 00 -h  per  8-hour  shift. 

Power  @    7 .  50  per  mechanical  horse-power  per  month. 

One  suit  of  filter-cloths  lasts  one  year — for  24  presses  cloth  consumption  ^2  suits  per 
month  »$o.oi  per  ton  of  slime  treated. 


The  mode  of  operating  is  as  follows:  the  slime  is  agitated  with  strongX 
solution,  drawn  into  a  montejus  and  forced  by  compressed  air  through  the  p 
The  air-pressure,  at  first  30  ib.  per  sq.  in.,  rises  to  60  lb.,  when  the  slime-cake hu 
become  about  2  in.  thick.  The  pulp-supply  is  now  shut  ofif,  and  a  vacuum  of 
about  5  in.  is  created  inside  the  filters  to  drain  off  the  solution.     The  slrcog 


Fics.  596,  507  and  51)8.— S wee Uand  fill 


solution  is  followed  by  a  weak  one,  and  this  by  wash-water.  Now  air,  steamor 
water  is  admitted  back  of  the  filter-cloths  to  loosen  the  cakes  which  are  then 
sluiced  out  by  the  spray-pipe,  0,  the  slime  retaining  about  40  per  cent  w»tti- 
Supposfng  the  slime  to  be  of  such  a  character  that  dry  slime  covering  i  sq.ft- 
Sitctiag  arcft  lo  the  tluckness  of  1  in.  >Kcl%hs  d  lb.,  a  press  of  500  sq.  fL  filtetliC 
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area  covered  to  a  thickness  of  i  1/2  in.,  will  hold  500X6X1.5  =  4,500  lb,  dry  | 
slime.  With  a  complete  cycle  of  operations  of  i  hr„  the  capacity  for  each  ton  I 
of  dry  slime  treated  per  day  is  0.075  ^o"-  The  laws  of  the  flow  of  liquids  in  I 
filter  cakes  have  been  studied  by  Almy-Lewis. ' 


If 


m 


Fig.  3Q9, — Sweclland  fjller-prcss. 


F(c.  Ooo.^Sweelland  filter-press. 


307.  Pressure -filters. — Since  the  filtration  of  sUme  on  a  large  scale  has  be- 
come such  an  important  part  of  the  cyanide- treatment  of  gold-  and  silver-ores, 
several  filters  have  been  constructed  in  which  filtering  is  accomplished  by 
forcing  slime-pulp  into  a  tank  holding  a  number  of  filter-leaves,  and  the  neces- 
sary cleansing  by  withdrawing  the  excess  pulp  and  replacing  it  by  dilute  solu- 
tions or  wash- water  or  both. 

The  Blaisdell  pressure- filter*  is  shown  in  Fig.  601,  and  details  of  the  filter- 
leaf  are  shown  in  Fig.  6oz.  In  the  cylindrical  closed  tank  are  suspended  144 
filter-leaves  with  10  sq.  ft.  area;  each  leaf  has  a  number  of  vertical  wooden 
separating- strips  which  are  ribbed  and  form  drainage-channels;  it  also  encloses 
at  the  lower  end  an  outlet-pipe  for  the  filtrate;  these  pipes  are  connected  out- 
wde  of  the  tank  with  a  main  deliverj'-pipe.  Shme,  having  the  consistency  of 
3.5  to  4-5  parts  liquid  to  i  dry  sUme,  is  agitated  in  solution  tanks,  discharged 
into  a  slime-tank,  drawn  from  this  with  a  centrifugal  pump  and  forced  into  the 
filtering-tank  with  a  pressure  of  from  25  to  50  lb.  either  through  the  lower  or 
the  upper  inlets.  The  agitator-arms  are  rotated  at  the  same  time  to  prevent 
the  slime  from  settling,  while  the  filtrate  passes  off  through  the  outlet-pipes. 
The  outlet-pipe  of  the  indicator-leaf  is  connected  with  a  weighing-machine 
which  rings  a  bell  as  soon  as  the  cake  has  attained  a  pre-determined  thickness, 

W.lnd.Ent.CluM..  1511,  iv,  siS;  Eng.  Min.  J.,  igii,  xciv,  161. 
'  Editor,  En(.  Min.  /.,  1907,  lxxxiv,  446. 

Editor,  Min.  Sc.  Press,  1907.  XCVIII,  18S. 

Wilson,  Mint!  and  Minerals,  1908,  xxoc,  130. 

FuttoD,  Min.  Ind.,  1907,  xvi,  540. 


4 

i 


73= 


GENE 


varying  from  0.75  lo  1.50111.  When  the  bell  rings,  the  pump  is  stopped,  and  th* 
slime-pulp  in  the  tank  returned  to  the  slime-sump  through  one  of  the  hola 
in  the  apex  of  the  cone.  At  the  same  time  the  air-inlet  valve  opens  lo  adiml 
the  necessary  air.  The  main  which  Joins  the  outlet-pipes  is  connected  with* 
vacuum-pump  to  hold  the 
slime-cake  on  the  filters  and  to 
drain  off  the  gold-solution. 
Weak  KCN-soiution  is  dot 
pumped  into  the  tank  througb 
one  of  the  openings  in  the  spei 
to  replace  the  gold- solution  hi 
the  cakes;  the  filtrate  as  well 
as  the  excess-solution  in  the 
tank  go  into  a  cyanide-wiilj 
sump.  Clear  water  finally  re- 
places in  the  same  manner  tie 
weak  KCN-soIutiou.  VlTien 
the  slime- cakes  ha%"e  ban 
washed  and  the  tank  is  ^ill 
filled  with  water,  pressure  a 
turned  into  the  oudet -pipes  to 
dislodge  the  cakes  from  the 
leaves  that  they  may  be  flushed  out  through  the  bottom.  With  ordinuy 
slime  and  35  lb.  pressure,  the  cycle  of  operations  requires  a  hr. 

The  Burt  pressure-filter'  is  shown  in  Figs.  603-605.     The  filter  consists  of 
a  steel-plate  cylinder,  s/i6-in.  thick,  set  at  an  angle  of  45"  which  is  ctosej 


ind  6o;.^maisiidl  prcKiui 


by  cast-iron  heads  bolted  to  the  ends;  the  head  at  the  lower  eod  has  a  doM 
hinged  horixontaliy  which  is  opened  and  closed  by  means  of  a  toggle-mecbaBWD 

Forbes,  £«(.  Min.  J.,  11 

Kiic.  fp.  til.,  1900,  LXXXvn,  685. 

Biirt,  J/ts,  St.  Pnss,  1907, xcv, 
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operated  by  a  hydraulic  piston  with  a  pressure  of  100  lb.  per  sq.  in.;  a  tight 
Joint  is  obtained  by  a  groove  packed  with  rubber  and  a  projecting  ring  in  the 
rim  of  the  door.  From  the  top  of  the  cylinder  are  suspended  18  pear-shaped 
filter-leaves,  each  with  135  sq.  ft.  effective  filter-surface.  The  frame  of  a  leaf 
is  made  up  of  two  lengths  of  1/2-in.  wTought-iron  pipe  connected  at  the  bottom 
by  a  4-in.  piece  of  i/2-in.  rod,  and  at  the  top  by  a  smvel  T-joint;  on  the  inside 
are  i/8-in.  holes  from  2  to  3  in.  apart  for  the  passage  of  the  filtrate;  cocoa- 
matting  fills  the  space  enclosed  by  the  pipe-frame;  the  whole  is  covered  with  a 
heavy  canvas  filter-cloth  lapped  over  and  sewed  together  by  a  machine.  The 
T-joints  of  the  leaves  are  connected  by  branches  with  a  filtrate  delivery-pipe; 
each  leaf  has  a  cock  to  permit  cutting  it  out  when  necessary,  and  a  pet-cock  to 
test  the  filtrate. 

The  mode  of  operating  is  as  follows:  the  cylinder  is  filled  with  slime-pulp 
(80  per  cent,  water)  at  the  lower  end  from  an  overhead  tank  with  a  gravity-head 
of  40  to  60  lb.  pressure  per  sq.  in.,  or  by  means  of  a  centrifugal  pump.  The  fil- 
trate passes  off  through  the  delivery-main  to  a  solution-tank ;  after  about  9  min. 
the  escess-slime  is  drawn  off  into  a  holding-tank  and  its  discharge  assisted 
by  air  under  a  low  pressure  entering  at  the  top,  which  at  the  same  time  clears 
the  slime-cakes  from  solution.  The  latter  operation  takes  about  8  min.;  wash- 
water  is  then  introduced  and  handled  as  was  the  slime-pulp.  Lastly  compressed 
air  is  admitted  to  the  filter-leaves  which  dislodges  the  slime-cakes  so  that  they 
drop  and  slide  down  and  out  through  the  discharge-door,  A  stream  of  water 
washes  the  cylinder  in  a  few  seconds.  The  excess  slime  in  the  holding-tank  is 
now  delivered  into  a  centrifugal  pump  and  the  additional  amount  necessary 
to  make  up  a  full  charge  supplied  from  the  main  slime-tank.  The  whole  opera- 
tion from  start  to  finish,  without  washing,  takes  20  min.;  with  washing  35  to 
40  min.    The  cakes  are  2  1/2  to  3  in.  thick  and  hold  30  per  cent,  water. 

At  El  Oro,  Mexico,  a  batter>'  of  five  cylinders  is  operated  as  a  unit.  The 
filters  have  an  effective  filtering  area  of  1,170  sq.  ft.  and  treat  without  washing 
from  600  to  650  tons  of  dry  slime  in  24  hr.,  which  gives  them  a.  capacity  of  0.53 
ton  per  sq.  ft.  of  filter-surface  in  24  hr.;  the  cost  of  treatment  is  1.5  cents  per 
ton  dry  slime. 

A  Burt  revolving  filter'  has  recently  been  brought  into  the  market. 

The  Kelly  pressure-filter,*  Figs.  600  to  609,  consists  of  an  elevated,  inclined, 
fixed,  cylindrical  tank  of  boiler- iron,  9  ft.  6in.longby  4  ft.  diam.,  which  is  closed 
permanently  at  the  rear  by  boiler-iron,  and  temfwrarily  at  the  front  by  a  cast- 
iron  head;  the  latter  forms  part  of  a  truck  which  being  balanced  by  two  counter- 
weights is  easily  moved  up  and  down  a  track  in  line  with  and  in  front  of  the 
cylinder.  The  mouth  of  the  cylinder  has  a  groo\'ed  flange  with  rubber  gasket 
and  the  head  a  projecting  ring.  Along  the  inside  walls  of  the  lank  is  a  track 
for  the  travel  of  a  second  truck  which  supports  the  back  end  of  the  filter 

'  itintt  and  ilintrals,  igi  i,  xxxn,  234. 
•  Kelly,  WeU.  Chem.  Mel.,  r^o?,  rii,  rsi. 

Wilson.  Uinei  and  UiHerali.  i^S,  xxix,  I3», 

L»ss,  Tr.  A.  I.  it,  £.,  ipii.iail,  80S. 
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carrier-frame  whUe  the  front  is  connected  with  tKe  closing  head.  Thus  the 
frame  can  be  pushed  telescope-fashion  in  and  out  of  the  cylinder.  The  angle  of 
the  track  and  the  balancing  weights  are  so  chosen  that  the  frame  loaded 
with  slime  will  move  downward,  while  it  will  move  upward  when  empty.  In 
order  to  obtain  a  tight  joint,  the  head  is  pressed  on  to  the  flanged  tank  by  a  num- 
ber of  radial  levers,  the  outer  ends  of  which  pass  through  lugs  bolted  to  the 
flange,  whOe  the  inner  ends  are  pivoted  to  a  movable  collar  which  is  clamped 
by  a  central  hand-wheel. 

The  filter  consists  of  lo  oblong  frames  of  double-crimped  wire-doth  envel<q>ed 
by  bags  which  are  placed  4  in.  apart  and  have  a  filtering  surface  of  410  sq.  ft 


;.  606  lo  609. — Kelly  pressure- filler. 


The  upper  pipes  carrying  the  filter-frames  project  at  both  ends.  The  frontends 
are  coupled  to  the  head  and  the  rear  ends  rest  on  the  back  part  of  thecarrier- 
frame.  The  lower  pipes  pass  through  the  head  and  discharge  the  filtrate  into 
a  launder.  There  are  the  usual  pipes  for  slime,  wash-water,  pressure-air,  or 
steam,  etc. 

The  mode  of  operating  is  as  follows:  the  slime  is  drawn  by  means  of  a  centrif- 
ugal pump  from  the  supply-tank,  in  which  it  is  kept  in  suspension  by  an  agitator, 
and  forced  near  the  head  into  the  closed  cylinder  until  the  overflow-pipe,  also 
near  the  head,  indicates  that  the  cylinder  is  full,  when  the  overflow-pipe  is 
closed,  but  ])umping  continued.  The  solution  passes  off  through  the  filters 
and  slime-cakes  form  upon  them  until  they  have  become  about  i  1/2  in.  thick, 
when  the  gauge  at  the  top  of  the  cylinder  registers  a  pressure  of  about  50  lb,  per 
sq.  in.    The  pump  is  now  stopped;  the  swinging-pipe,  which  is  attached  to  the 


MECHANICAL  METALLURGICAL  OPERATIONS 


over  the  ^^| 
admitted    ^^^ 


discharge  near  the  lower  end  of  the  cylinder,  revolved  until  its  end  is 
slime-tank;  the  valve  is  opened,  and  air  under  a.  pressure  of  2  to  3  lb. 
at  the  top  of  the  cylinder  to  hasten  the  discharge  of  the  excess  pulp.  When 
empty,  a  weak  KCN-solution  is  pumped  into  the  cylinder  to  replace  the  strong 
solution  in  the  slime-cakes;  this  requires  a  pressure  of  ,50  to  60  lb.  and  consider- 
able time.  The  filtrate  and  excess  weak  solution  are  collected  in  a  solution-tank; 
the  filter-cylinder  is  finally  filled  with  wash-water,  and  the  excess  returned  to 
the  wash-water  tank.  A  vacuum  may  be  used  to  assist  the  replacement  of  the 
liquids  in  the  cakes,  also  for  holding  in  place  the  cakes  in  the  next  step,  whea 
the  frame  with  the  charged  filters  is  withdrawn  from  the  cylinder  to  a  position 
over  a  receiving-hopper  for  leached  slime.  Lastly,  a  flexible  connection  for 
low-pressure  steam,  or  water,  or  both  is  made  to  dislodge  the  cakes  which 
drop  into  the  hoppers  (air  cannot  be  used,  as  the  filters  are  not  braced).  The 
filter-leaves  are  cleaned  with  water  from  a  hose,  and  the  frame  is  returned  to 
the  cylinder  for  a  new  charge. 

At  the  Black  Pearl  mill,  Idaho,  where  i  cu.  ft.  dry  slime  weighs  128  lb,,  the 
press  treated  a  charge  of  pulp  (3.5  water  :  1  dry  shme)  in  1  hr,  6  min.;  at  the 
Vindicator  Concentrated  Gold  Mining  Co.'s  plant.  Cripple  Creek,  Colo., 
a  cylinder  with  eight  filters  5  i/z  in.  apart  treated  a  charge  of  2  tons  roasted 
telluride  ore  with  60  per  cent,  water  in  i  hr.  One  of  the  latest  presses  is  now 
in  use  at  the  Treadwell  Mines,  Alaska. 

308.  Suction- filters.' — The  original  form  of  this  class  of  filters,  the  vacuom- 
filter  of  industrial  chemistry,  is  an  air-tight  vessel  with  perforated  false  bottom 
beneath  which  a  vacuum  is  produced  by  a  pump,  an  ejector  or  some  other  suc- 
tion device.  In  metallurgical  plants,  the  ordinary  gravity -filtration  of  mixed 
sand  and  slime  is  sometimes  accelerated  in  this  manner  as,  e.g.,  in  the  leaching 
of  chloridized  silver  ore;  slimes  are  rarely  treated  by  this  method  of  leaching. 
However,  Drucker*  applied  it  in  his  vacuum  filter  which  he  uses  for  cyaniding 
the  pulp  from  a  gold  stamp-mill.  The  baltcry-pulp,  with  seven  parts  water  : 
one  dry  pulp,  is  thickened  in  a  conical  spitzkasten  to  three  parts  water:  one  dry 
pulp  and  collected  in  a  settler  (15  ft.  in  diameter,  8  ft.  in  depth)  having  a  false 
bottom  covered  with  burlap  and  filter-cloth.  Above  this  cloth  is  a  muller 
with  26  cast-iron  shoes  that  can  be  raised  and  lowered  2.5  ft.  Milk  of  lime  (8  lb. 
lime  :  i  ton  ore)  is  added  to  the  12-  to  15-ton  charge;  the  muller  is  stopped 
and  raised;  the  pulp  is  settled  for  5  hr.,  and  the  solution  decanted,  the  pulp 
retaining  about  40  per  cent,  water.  The  muller  is  now  lowered  to  just  above  the 
perforated  i-ui.  boards,  which  protect  the  filter,  rotated  at  the  rate  of  18  r.p.m., 
and  vacuum -filtering  started,  which  reduces  the  water-content  of  the  pulp  to 
18  or  20  per  cent.  This  thickened  pulp  is  now  ready  for  cyanide- treatment. 
It  fe  stirred  with  KCN-solution,  aerated  from  beneath  the  filter,  settled  as  was 
the  battery-pulp,  etc.    The  decanted  gold-solution  is  passed  through  sand 

'  Nichols,  Min.  Sc.  Press,  1910,  c,  395. 
Young,  Tr.  A.  I.  M.  £.,  1911,  xlu,  751;  Enf.  Min.  J.,  1911,  xcii,  885;  Min.  Sc.  Ptcti, 
I9ii.cin,  551. 

*iiin.  Sc.  Tress,  1908,  xcvii,  458, 
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clarifying- vats  before  it  enters  the  zinc-boxes.  The  48  hr.  required  to  treat  1. 
charge  of  12  to  15  tons  of  dry  pulp  are  distributed  as  follows:  filling  12  hi.;| 
extraction  of  water  from  pulp  7  (settling  and  decanting  5,  vacuum-filtering  2); 
cyanide  agitation  and  aeration  10;  extraction  with  strong  (0.20  per  cent.  KCN-) 
solution  6  (s.-d.  4,  v.-f.  2);  with  weak  (0.05  per  cent.  KCN-)  solution  6  (S.-A4, 
v.-f .  2) ;  discharging  and  sampling  i  hr.  A  similar  manner  of  working  has  beea 
suggested  by  Merrall.^  Spilsbiuy^  uses  a  diaphragm  of  silica  ^wnge  as  1 
filtering  medium.  Plates,  12X12  or  12X20  in.,  secured  to  channel-iron  bais, 
by  0.25-in.  carriage  bolts,  form  a  false  bottom;  oakiun  is  driven  into  the  joints 
and  these  are  made  completely  tight  by  means  of  liquid  cement.  Pulp  with 
1.5  to  2.0  parts  solution  to  i  part  dry  ore  is  agitated  with  air  under  a  pressure  of 
2  to  5  lb.;  the  capacity  of  the  sponge  is  5.0  to  5.5  cu.  ft.  air  per  min.  persq.ft 
area  at  i  lb.  pressure.  After  agitation  is  completed,  compressed  air  is  replaced 
by  suction,  and  the  solution  filtered. 

The  fundamental  features  of  the  basket  type  of  filters  are  those  devised 
in  1902'  by  G.  Moore,  viz.,  the  filtration  of  pidp  by  suction  through  an  immersed 
filter-covered  frame  with  resulting  adhesion  of  cake  on  the  outside  of  the  filter, 
and  subsequent  displacement  of  slime  cake  by  use  of  pressure  inside  the  filter. 
In  the  practical  adoption  of  these  two  principles  the  charged  frame  may  either 
be  removed  from  the  imfiltered  pulp  and  transferred  to  other  vats  filled  with 
solvent  or  wash- water  to  be  further  treated,  or  the  frame  may  be  kept  stationary 
and  the  unfiltered  pulp  replaced  by  solvents  or  wash-water;  in  both  cases  the 
treated  cake  is  finally  loosened  from  the  filter  by  applying  air  pressure  inside 
the  filter-bag  instead  of  suction,  and  then  discharged. 

Modern  suction-filters*  have  been  developed  into  four  classes  of  apparatus: 
(i)  the  basket  type  (Moore,  Butters);  (2)  the  horizontal  table  type  (Ridg\^ ay, 
Hunt,  Ogle,  Scherr,  Hendry,  Allen,  Parrish,  Rothwell,  Grothe-Carter) ;  (3)  the 
drum  type  (Oliver,  Portland) ;  and  (4)  the  wheel  type  (Just,  Singer,  Barnes, 
Holland). 

The  Moore  suction-filter,^  consists  of  a  number  of  rectangular  canvas- 
covered  frames.  Figs.  610  and  611,  clamped  together  to  form  a  basket  which 
is  suspended.  Fig.  612,  from  an  overhead  traveling  crane.  The  basket  is  moved 
over  a  series  of  tanks  by  one  electric  motor,  and  lowered  into  and  lifted  out  of 

*  Min.  Rep.y  IQ07,  LV,  291. 

'  7>.  A.  I.  M.  K.,  1910,  XLi.  367. 

*  Adonling  to  Foote  {Min.  Sc.  PresSf  iqo8,  xcvi,  159),  E.  L.  Oliver  and  A.  M.  Nicholas 
tirvcloprd  the  siime  features  independently  at  a  later  date.  Decision  of  U.  S.  Circuit  Court  of 
Appnil.i  for  the  Moore  Filter  Co.,  Min.  Sc.  Press,  IQ12,  cv,  663;  Eng.  Min,  /.,  I9i2,xci\',  9'3» 
Mi't.  Clirm.  Eng.,  1912,  x,  791. 

*  Mvt.  C/irm.  Eng,,  191 2,  x,  708. 

*  liili«)n,  7>.  A,  /.  M.  E,,  1905,  XXXV,  610. 
Mtown,  Min.  .SV.  Press,  1906,  xciii,  292. 
Siiiirr,  lor.  cit.,  p.  714. 

>  l»l>v,  oft.  ril.,  1907,  xcv,  46. 

I  »•••  y,  /'.>i/j,  Min.  J.,  1906,  Lxxxii,  149. 

■Imw,  np.  lit.,  1909,  IJCXXVII,  487. 

l<h  Imla  Min.  Sc.  Press.,  1910,  c,  495. 
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nies  by  another.     In  cyaniding,  the  basket  is  submerged  in  the  filter-tank, 
ii3,  in  which  slime-pulp,  that  has  been  treated  with  KCN-  solution,  is  kept 


Fics.  6to  and  6ii.-~Moore  suction  fiUer. 


iq>enEk>n  by  agitating  with  compressed  air,  Fig.  612,  or  some  mechanical 
sr,  or  by  withdrawing  at  the  bottom  and  feeding  at  the  top  with  a  centrifugal 
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or  an  air-iift  pump.  The  suction  is  applied  through  a  common  suction-pipe 
connected  with  the  frames,  and  solution  drawn  through  the  filter-doths^  \mtil 
a  cake  about  3/4  in.  thick  has  been  formed  on  both  sides.  The  basket,  charged 
with  slime-cake  and  still  under  vacuum,  is  raised  and  transferred,  Fig.  613,  to 
the  barren-solution  tank  and  then  to  the  wash-water  tank,  in  each  of  which 
suction-filtering  is  repeated;  lastly  it  is  lowered  into  the  tailings-discharge 
tank  where  the  cakes  are  dislodged  by  applying  air  pressure.  As  moisten- 
ing a  sb'me-cake  assists  its  loosening  from  the  filter,  it  is  often  desirable  to  force 
some  water  through  before  the  compressed  air.  For  this  purpose,  a  separate 
perforated  pipe  is  introduced  near  the  top  inside  of  each  frame.  In  places 
where  there  is  an  abundance  of  water,  the  compressed  air  may  be  turned  into 
the  filters  after  the  washing  is  finished  and  the  filters  are  still  immersed  in  the 
wash-water  tank;  the  tailings  will  then  go  to  waste  with  the  excess  wash- water. 
Filtering  to  form  a  cake  about  3/4  in.  thick  takes  from  40  to  120  min.;  suction 
in  the  barren-solution  tank  about  25  min.,  and  in  the  wash-water  tank  15  min. 
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Fig.  613. — Moore  suction  filter. 


Frames  are  commonly  6  by  1 2  ft.  in  size,  and  usually  24  frames  with  6-in. 
centers  are  grouped  in  a  basket,  which  gives  a  filtering-area  of  3,456  sq.  ft. 
The  frame,  as  shown  in  Figs.  610  and  611,  consists  of  a  wooden  top-piece,  2.5  in. 
wide  by  4.5  in.  high,  and  a  U-shaped  3/4-in.  pipe;  the  horizontal  arm  has  3/16- 
in.  perforations  for  the  passage  of  the  liquid  and  one  of  the  vertical  arms  extends 
through  the  wood  to  be  connected  with  the  suction.  The  enclosed  space  was 
formerly  filled  with  cocoa  matting,  as  seen  in  Fig.  610;  this  has  been  replaced 
by  vertical  separating  wooden  strips,  5/16  in.  square  and  spaced  1.5  in  apart; 
16-OZ.  cotton  duck,  which  forms  the  filter-cloth,  is  sewed  between  the 
strips  and  reinforced  by  extra  stitching  near  the  top  and  bottom.  A  two- 
motor  traveling  crane,   ser\'ing  three   tanks,  14  by  14  ft.  and  12  ft,  deq), 

*\Vcar  of  cloths,  £11^.  If  in.  /.,  1910,  lxxxdc,  76a. 
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of  3/16-steel  with  conical  bottoms,  has  a  span  of  21  ft.  between  centers  | 
of  track,  a  lifting-capacity  of  20  tons  and  a  lifting-height  of  8  ft.,  the  rate  of  ] 
lifting  is  lo  ft.  per  min  ,  and  the  rate  of  travel  30  ft,  per  min.  A  plant  with  1 
the  above  three  tanks  and  two  baskets  will  treat  from  100  to  125  tons  of  dry  I 
slime  in  14  hr.,  presupposing  the  slime-cakes  to  be  0.75  in.  thick,  and  7  tons  J 
of  dr\'  slime  to  be  handled  in  each  cycle. 

The  Butters-Cassell  filter.'  The  filtering  plant  shown  in  Figs.  614  to  616  is  1 
a  combination  of  the  Moore  filter,  of  the  Cassell  plan*  of  leaving  the  filters  1 
stationary  and  exchanging  the  liquids,  and  of  the  Butters  general  arrangement  ] 


filter  plant- 


of  parts.  The  filter-frames  are  approximately  s  hy  7  ft.  and  are  suspended  at 
about  4-in,  centers.  The  main  changes  from  the  Moore  filter  are  that  the  frame 
has  a  cocoa  mat;  that  the  filter-cloths  arc  stitched  through  with  vertical  seams 
3  in.  apart  and  have  one  honzontal  seam  near  the  top,  and  six  or  seven  vertical 
strips  of  wood  are  placed  outside  of  a  leaf  and  screwed  together  through  the 
filtering  material. 

In  operating,  the  leaves  are  suspended  in  a  rectangular  vat,  E,  which  has 
pointed  pockets  for  the  discharge  of  the  cakes.  The  pulp  (a  water  ;  1  dry  slime) 
is  drawn  from  the  stock  pulp-tank,  .4,  and  pumped  into  vat,  E,  near  the  bot- 


'Pamphlct  by  C.  Butters.  igo6. 
Hamilton,  if  i».  Sc.  Prtss,  1907, ) 
Lamb,  Tr.  A.  I.  M.  E.,  igo;,  xxs 
Patterson,  Min.  Sc.  Press.  :i»9.  xi 
Smith,  of.  cil.,  iQog,  xctx,  (15. 

•  Suggested  to  Caaaell  by  Moora  in 


V,  78s,  818. 
iri,4ig  (Pachuca). 
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3301  Txntxl  the  frames  are  submerged.  The  vacuum  is  applied  through  pipe, 
T.  by  means  of  ptmip,  M^  and  the  gold-solution  drawn  off  into  the  gold-  or 
ozxcrectpitated-solution  tank,  B^  the  head  of  the  pulp  being  kept  constant  by 
rmnmg  the  supply-ptmip  on  and  off.  When  a  cake  0.75  to  i  in.  thick  has  been 
scmeti  in  from  15  to  60  min.,  a  vacuum  of  6  to  9  in.  is  kept  in  the  frame,  and  the 
excess  pulp  drawn  off  and  returned  to  the  pulp-tank.  Any  light  adhering  dime 
^  removed  by  turning  on  a  spray  of  solution.  The  filtration  is  repeated  with 
iiluce  BLCN-sdution,  D,  of  which  two  to  three  times  the  amount  held  by  the 
.-^^1*  IS  drawn  through  it,  and  lastly  with  wash-water,  C  The  cake  is  now 
iisdxarzied  from  the  filter-cloths  into  the  pointed  pockets  of  £,  by  introdudng 
wacer  through  pipe  P,  under  a  pressure-head  of  30  ft.,  into  the  interior  of  the 
leaves:  the  slime  is  removed  from  the  pockets  by  sluicing  through  quick-opening 
\'aiN"es^  /•  into  the  discharge-flume,  K.  The  time  required  for  a  complete  opcn- 
ciun  ^  about  70  min. 

The  interesting  feature  of  the  Butters  plant  is  that  all  transfers  of  solutions 
in  connection  with  filtering  are  effected  by  a  single  8-in.  centrifugal  pump,  ^ 
with  val>'es  and  levers  so  arranged  that  one  man  can  manipulate  them  from 
one  p^wition. 

la  comparing  the  Moore  and  Butters-Cassell  plants,  Kirby*  finds  that  the 
o(Hrrattng  costs,  maintenance  and  repairs,  of  either  system  are  about  equal; 
that  the  installation-cost  of  the  Moore  system  is  35  per  cent,  greater  than  that 
o«  the  Rutters-Cassell  for  an  equal  filtering  area;  that  the  capacity  is  50  per 
cv«t.  greater,  and  that  the  eflSciency  for  the  recovery  of  gold-bearing  solution 
\%iith  the  least  amount  of  loss  and  dilution  is  higher,  as  the  losses  with  the 
Kucccr^'Casjjell  system  due  to  the  mixing  of  residues  in  pipes  and  vats  are  absent 
>*ah  MvX^re*  Other  comparisons*  have  been  made  by  Bosqui,  Nutter,  Lamb 
IVuis  jin^  Frier. 

l^tw  Kivl^wuy  suction-filter,'  Figs.  617  and  618,  is  the  best-known  ^epr^ 
>e«ut^^a  of  the  horizontal-table  tj'pe.  It  is  probably  the  first  continuous-act- 
',iii;  uK*vii\^  tilter,  and  consists  of  a  series  of  13  suspended  filter-leaves  traveling 
u»  a  N».^riA>utal  plane  through  an  annular  trough  divided  radially  into  three 
v\Mui\wtwHH\ts;  two  of  these  hold  pulp  (slimes-wash)  to  be  filtered  and  wash- 
MkAtvH  v^ater^>vad\\  while  the  third,  the  smallest,  has  no  bottom  and  ser\'es  as 
yUxvNvit^v  l"he  arms  of  the  framework  holding  the  filter-leaves  are  pivoted 
•K\^i  iNv*  vX^ut^HT  in  A  holbw  revolving  shaft,  and  supported  at  the  opposite  ends 
S\  V  ku  ^hwk  which  travel  on  a  circular  track,  12  ft.  in  diam.  The  hollow 
vSx^'i  v^  vhiwu  frvnu  Mow  by  a  worm  gear;  it  has  a  horizontal  partition  abo\'e 
iV  \K*i»K^\\\^k  which  divides  it  into  two  parts.  The  upper  part  is  enlarged 
•s»iv-  ^  xNaiuUi  tor  anupressed  air  and  has  13  openings  that  are  supplied  with 

v.v  ..;     »>.s--.  vv*^»  mS  (Bosqui),  210,  491  (Nutter);  152,  400  (Lamb);  367  (Pettis); 

v>.wM»  wv  :*M.  loor.  XVI,  540. 

K»v%>  '^Xv  ^  '^    '^  ^^'^'  i-\xx\%  120;  Min.  Sc.  Press.,  1907,  xciv,  181;  1908,  xcvi,  ;^ 
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chanically-operated  cocks;  the  lower  part  is  divided  into  two  equal  compart- 
Dts  by  a  stationary  vertical  diaphragm;  13  hollow  arms  connected  with  the 
er-Ieaves  end  in  the  chamber.  The  two  compartments  are  joined  to  the 
mum-pump  aad  carry  oS  the  strong  and  weak  solutions.      Each  filter-leaf 


Figs.  6i7an<16iS. — Ridgway 


1  a  filtering  area  of  about  4  sq.  ft.  It  consists  of  a  cast-iron  frame  carry- 
a  thin  wooden  box  with  a  perforated  bottom  over  which  is  stretched  the 

er-doth,  while  the  top  is  connected  with  the  vacuum-  and  the  compressed- 
pipes,  which  have  cocks  that  are  opened  and  closed  automatically.      The 

iply  of  pulp  (slimes-wash)  and  of  wash-water  ia  Te^E^ltd  Virj  ftswia,  <5«i\. 
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shown) ;  the  pulp  is  prevented  from  settling  by  agitators  rotated  from  below  the 
trough. 

In  operating,  a  leaf  immersed  in  the  pulp  (i  water  :  i  slime)  with  the  vacuum- 
pipe  open,  travels  through  the  slimes-wash  compartment  and  collects  on  the 
lower  side,  with  fairly  sandy  material,  a  cake  3/8  in.  thick.  As  it  approaches  the 
end  of  the  compartment  it  raises  the  leaf  out  of  the  pulp  by  climbing  the  rising 
track  at  A ;  the  suction  continues  for  one  second  to  suck  the  solution  from  the 
filter  and  is  then  shut  off  by  a  tripper.  The  track  now  descends  toward  B,  and 
the  leaf  following  it  is  immersed  in  the  wash-water,  when  the  suction  begins 
again.  It  now  passes  through  the  wash-water,  rises  over  the  second  elevation, 
C,  and  is  sucked  dry;  the  suction  is  stopj>ed  and  the  compressed  air  turned 
on  to  discharge  the  cake  which  retains  about  30  per  cent,  water.  The  bared 
leaf  now  descends  again  at  £>,  and  re-enters  the  slimes-wash  compartment.  A 
leaf  is  13  sec.  in  pulp,  7  sec.  on  the  elevation  between  pulp-  and  wash-water 
compartments,  30  sec.  in  wash-water,  7  sec.  on  the  elevation  between  wash- 
water  and  discharge-compartments,  and  3  sec.  in  connection  with  the  compressed 
air  over  the  discharge.  The  machine  makes  i  r.p.m.  and  discharges  13  cakes  per 
min. ;  it  treats  from  25  to  50  tons  of  slime  in  24  hr.,  the  amount  varying  with  the 
clayey  or  sandy  character  of  the  pulp.  A  filter  lasts  14  days  with  roasted  slime. 
The  machine  requires  1/2  h.p.  for  rotation;  the  vacuum-pimip  with  a  piston- 
displacement  of  80  cu.  ft.  per  min.  and  a  vacuum  of  ^,$  in.,  3  1/2  h.p.;  the  agi- 
tators, etc.,  about  i  h.p.;  total,  5  h.p. 

The  Hunt  suction-filter,^  shown  in  Figs.  619  aud  620,  is  probably  the  first 
stationary  filter  which  works  continuously.  It  consists  essentially  of  three 
parts:  a  stationary  annular  trough  which  is  closed  at  the  top  by  a  filtering  sur- 
face and  connected  near  the  bottom  with  a  wet  vacuum-pimip;  a  central  rotating 
cylinder  to  which  are  attached  a  pulp-distributor  which  spreads  first  sand  and 
then  slime  in  thin  layers  over  the  filter;  two  solution  and  one  wash-water  pipes, 
a  scraper  to  remove  the  washed  ore  into  a  tailing-basket,  and  a  tripper  which 
dumps  the  tailing  onto  a  belt-stacker.  The  operations  of  feeding,  filtering  and 
washing  follow  one  another  with  the  rotation  of  the  cylinder. 

The  base,  22  ft.  4  1/2  in,  in  diam.,  and  the  annular  trough,  3  ft.  9  3/4  in.  in 
diam.,  which  forms  the  vacuum  chamber,  are  both  of  concrete;  the  bottom  of  the 
chamber  slopes  outwardly  so  as  to  drain  to  the  outlet.  The  filter,  3  ft.  wide,  is 
a  sand-filter;  it  has  16  divisions,  the  bottom  of  each  is  made  up  of  triangular 
slats  with  bases  3/16  to  1/4  in.  apart  which  are  covered  with  graded  sand. 
The  spaces  between  the  slats  are  filled  with  gravel  of  imiform  size  and  just  large 
enough  not  to  fall  through;  over  this  is  spread  first  a  i-in.  bed  of  coarse  sand, 
and  then  second  a  i-in.  layer  of  8-  to  12-mesh  sand;  the  sides  of  the  filter  are 
enclosed  by  the  concrete  walls  which  carry  an  annular  track  for  the  traveling 
carriage  which  bears  the  distributor  and  scraf>er.  In  the  center  of  the  machine, 
15  ft.  0  ^;  4  in.  diam.,  is  a  stationar>'  column  with  a  collar  which  carries,  on 
Ixdl-bearings,  a  cylinder  with  bevel-gear  driNxn  at  the  rate  of  i  r.p.m.  by  a 
horizontal  shaft  carrying  at  the  opposite  end  a  %wrm-gear,  the  worm  of  which 

*  Hunt,  Min.  Sc.  Press,  igoS,  xon.  430;  CirrmiJir,  Hunt  Killer  Co..  i^an  Frandsco,  CaL 
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i  in  oil.  The  cylinder  carries  four  superimposed  concentric  hoppers  to  re- 
<e  water,  solution,  sand  and  slime.  These  are  delivered  on  to  the  filter 
Migh  radial  pipes.  The  sand-  and  slime-pipes  deliver  their  materials  on 
distributors,  similar  to  those  of  the  Frue  vanner.  Figs.  456  to  458,  which 


FiOS.  619  and  6jo. — Hunt 


I  the  scraper  are  attached  to  the  carriage.  The  pulp  before  reaching  the 
hine  is  roughly  classified  into  clean  sand  and  sandy  slime.  The  sand-dis- 
atar  is  placed  in  front  of  the  slime-distributor,  and  the  scraper  in  front  of  the 
ter.    The  permanent  filter-bed  is  thus  first  covered  with  a  thin  layer  of  clean 
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sand  and  then  with  sandy  slime.  The  scraper,  of  the  same  width  as  the  filter, 
^  set  at  an  angle  of  60  deg.  to  the  radius  in  order  that  it  may  discharge  the 
resdne  into  the  tailing-bucket  which  is  also  connected  with  the  carriage. 

Wbsea  the  machine  b  in  operation,  the  central  cylinder  rotates  in  the 
^mectacn  of  the  arrow;  the  scraper  removes  the  filtered  and  washed  ore  into 
die  :aiiixx$4>ucket:  back  of  it  sand  is  spread  over  the  permanent  filter  to  be 
i:ik:wed  by  sandy  slime;  the  vacuum  draws  off  the  liquid,  the  residue  is  sprayed 
c?ffi»r-itiveiy  from  two  solution-pipes,  and  lastly  from  the  wash-water  pipe; 
Qif  wasaed  nsidue  is  now  ready  for  the  scraper;  whenever  the  tailing-budet 
4rrSi£<  ai  trie  tripping  station,  it  is  overturned  and  its  content  discharged  00 
0?  tK  Mr-5Licker.  If  water  is  abundant,  the  tailing-bucket  is  replaced  by  t 
^lil-mce  which  surrounds  the  machine.  The  entire  filtrate  (strong  and  weak 
5ciuci?a  and  wash-water)  goes  from  the  vacuum-chamber  to  the  pump.  If  it 
^  oeszrvd  to  keep  the  strong  and  weak  solutions  separate,  the  chamber  may 
be  vizvided  into  sections;  it  is,  however,  preferable  to  have  two  machines  work- 
iQ;^  in  tandem,  as  this  does  away  with  mechanically  operated  valves  and  the 
3ec«:$s5ary  attendance;  the  first  machine  \^nll  take  the  strong  solutions  and  the 
s^vod  the  wash-solutions.  With  the  modern  practice  in  the  cyanide  process 
v>£  <iiaung  and  leaching  by  agitation,  it  is  common  to  use  one  strength  of 
^HUttOQ.  to  displace  the  solution  charged  with  precious  metal  with  barren  sohh 
t&LHi  v>t  the  same  strength,  and  to  add  at  the  end  of  a  cycle  just  sufficient  wash- 
water  to  displace  the  barren  solvent. 

The  machine  has  a  filtering  surface  of  113  sq.  ft.  If  the  filtered  layer 
it  t  4  in.  thick,  the  surface  will  carry  2.26  cu.  ft.  material;  supposuig  this 
ttutcrial  to  tvntain  50  per  cent,  water  and  to  weigh  109  lb.  per  cu.  ft,  its 
^^cal  weight  will  be  246  lb.  wet  or  123  lb.  dry.  With  the  machine  making  i 
r  ^vm..  the  output  will  be  3.69  tons  of  dry  pulp  per  hr.  or  88.56  tons  perday. 
l*^c  wvAchiuc  is  rated  at  50  tons  dry  pulp  per  day.  The  power  required  for 
?\*talkn\  is  I  h.p.,  and  for  the  vacuum-pump  4  h.p.  When  once  set,  the  machine 
tv\;u«\^  very  little  attendance.  The  machine  complete,  including  classifier, 
iHi«\j^    and    cv>nnections,    weighs    11,000    lb.    and    costs   $4,000  f.o.b.  San 

v^lhcr  tiltcrs*  are  the  Ogle,  Scherr,  Hendryx,  Allen,  Parrish,  Grothe-Carter. 

Vhc  t\>x^  leading  representatives  of  the  drum-type  machine  are  the  Obver 
4tivl  the  IX^rtUuul;  to  these  may  be  added  the  Just. 

Vhc  Oliver  vvntinuous  suction-filter,*  Figs.  621  and  622,  consists  of  a  drum 
u  tt   v^  iu.  in  dium.  and  8  ft.  wide  revolving  partly  submerged  on  a  horizontal 

*  vvVW.  ^'•<'  '^'"•-  •^-  ^^5»  LXXDC,  372;  (Scherr),  Min.  Sc.  Press,  1908,  xc\ii,  195.524; 
^IxH^aiw'  H  •'^'.  Ckem,  !/«•/.,  IQ07,  in,  187;  Eng.  Min.  /.,  1909,  Lxxx\^n,  842;  (Allen),  tf/^- 

^  sv  \  WN^  ^»«  »^'*^'m;  vl^iirrish),  The  Cyanide  Plant  Supply  Co.,  61  Fremont  St.,  San  Frandsco, 
\^*l.  vvUviNo  i\ntcr^.  hn^.  Min.  /.,  1910,  xc,  465. 

•  \rMU»\.  Ui«t.  ^V.  /Vr>5.  1009,  xcix,  71s;  Min,  World,  1909,  xxxi,  1108. 
WxxNsK   Uc;»K  '>•  -l- 1'  '^^'  ^•'  ^9io»  XLi,  349. 
K  uNi»n);,  tHi.  Min,  7..  1912,  xciv,  639. 

.>x  *..M.  i^i\%*r  i\mtinuous  Filter  Co.,  San  Francisco,  Cal. 
NhM^^  l'^  -^^  I.  M.  Km  1911, xlw,  (priority). 
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an  in  vat  (i),  containing  the  pulp  to  be  filtered.    The  pulp  is  agitated  with 
mniM'essed  air  (38)  to  prevent  settling  of  solid  parts. 

The  surface  is  built  up  of  sections  covered  with  filter-doth  (9)  and  connected 
m  the  inside  with  pipes  (15  and  16)  furnishing  either  a  vacuum  or  air  under 
fmaure.  When  a  section  enters  the  vat,  a  suction  is  applied,  and  filtration 
lagtns;  a  cake  of  slime  builds  up  on  the  surface,  and  when  the  section  emerges 
ftom  the  pulp,  the  continued  suction  removes  the  solvent  remaining  in  the 
akc;  wash-water  (36)  is  applied,  the  suction  removes  it  and  dries  the  cake 
Btil,  just  before  re-entering  the  pulp,  the  suction  is  stopped  and  the  cake  dis- 
lodged by  compressed  air  and  falls  off  upon  the  tailing  apron  (14). 


The  drum  is  built  up  of  3.5-in.  staves  (8)  bolted  to  three  spiders.  The 
■erimeter  of  the  drum  is  divided  into  24  sections  by  i-in.  strips  (10).  Small 
ti^,  0.5X0.5  in.,  nailed  i  in.  apart  form  channels  for  the  passage  of  solution 
n  each  section.  Two  0.5-in.  pipes  (15  and  16)  are  connected  to  each  section; 
h^  pass  through  the  hollow  shaft  (4)  to  a  plate  having  two  circles  with  24 
icdes  each  for  34  2-in.  pipes.  Facing  this  plate  is  a  second  plate  (17)  having 
I  groove  opposite  the  outer  circle  of  holes.  An  adjustable  bridge  in  this 
[TDOve  covers  one  hole,  so  that  the  groove  being  connected  with  the  vacuum- 
>ump,  furnishes  a  vacuum  to  23  of  the  sections.  Air  under  pressure,  passing 
iuough  the  pipe  connected  with  the  inner  circle  of  holes  in  the  plate,  is  admitted 
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to  the  section  that  is  cut  ofif  from  the  vacuum  by  the  bridge.  As  the  drum 
revolves  the  vacuum  is  cut  off  from  each  section  in  turn,  and  air  admitted. 

A  screen  is  placed  on  the  i-in.  strips,  forming  the  channels,  which  support 
a  layer  of  burlap  which  in  turn  carries  the  canvas  filter  (9).  The  canvas  is 
calked  into  a  groove  around  the  edge  of  the  drum,  and  tied  with  steel  wire  (11) 
to  make  each  section  tight  and  to  prevent  bulging.  The  drum  revolves  once  in 
4  min.,  and  is  submerged  for  3/5  of  a  revolution;  the  vacuum  is  maintained  at 
26  in.;  the  thickness  of  the  cake  varies  from  3/16  to  3/8  in.;  air  imder  5-  to  10- 
Ib.  pressure  agitates  the  pulp  and  dislodges  the  cake.  The  drum  has  a  filtering 
suriace  of  290  sq.  ft.,  and  filters  60  tons  of  slime  per  day.  The  canvas  lasts 
from  3  to  s  months,  and  it  takes  from  12  to  18  hr.  to  recover  and  re- wire  a 
drum. 

The  Portland  continuous  suction  filter*  brought  out  by  the  Colorado  Iron 
Works  of  Denver,  Colo.,  has  the  general  characteristics  of  the  Oliver  filter;  it 
differs  in  the  details  of  construction.  A  comparison  of  the  two  makes  is  not 
possible  without  detail  drawings,  and  these  are  not  available. 

Another  filter  of  this  type  is  the  Robinson.* 

Wheel-type  op  Filter  Presses. — In  the  wheel-type  of  suction  filters  a 
series  of  wheels  mounted  on  a  horizontal  shaft  revolves  in  a  tank  holding  the 
pulp;  the  filtering  members  are  leaves  placed  between  the  spokes.  The  filters* 
of  Singer,  Barnes  and  Holland  belong  to  this  class,  as  does  also  the  Just. 

309.  Summary. — ^The  conclusions  which  Young*  has  drawn  from  his  ex- 
haustive study  of  slime-filtration  in  the  laboratory  and  in  the  mills  are  given  in 
his  own  words: 

1.  The  proportion  of  clayey  material  in  ores  which  are  to  be  subjected  to 
* 'all-sliming"  and  filtration  should  be  maintained  at  a  minimum. 

2.  The  slime-pulp  should  be  as  free  as  possible  from  sands  coarser  than  a 
No.  150  screen,  and  as  large  a  proportion  of  the  pulp  as  possible  should  consist 
of  material  passing  a  No.  200  screen. 

3.  The  slime-pulp  before  filtration  should  be  settled  to  as  thick  a  consistency 
as  possible  consistent  with  ready  handling  by  pumps  and  in  pipes. 

4.  The  temperature  of  the  slime-pulp  should  be  maintained  between  20** 
and  30°  C.  or  higher. 

5.  The  temperature  of  the  wash- water  and  the  pulp  should  be  the  same. 

6.  Vacuum-pressures  should  be  varied  until  the  proper  intensity  for  the  given 
slime  is  obtained. 

7.  Where  very  clayey  slime  is  to  be  filtered,  as  much  fine  sand  (limited  as 
stated  above)  should  be  crowded  into  the  pulp  as  it  will  carry  without  undue 
settling  and  clogging. 

*  Circular,  Colorado  Iron  Works,  Denver,  Colo. 
Lowden,  Min,  Sc,  1910,  lxii,  630. 

*  Eng.  Min.  /.,  1910,  xc,  258. 

•(Singer)  U.  S.  Patent,  No.  1017629,  February  13,  1912;  (Barnes)  U.  S.  Patent,  No. 
1,036174,  August  20,  191 2;  (Holland)  U.  S.  Patent,  No.  1036847,  August  27,  191 2;  (Just) 
Spilsbury,  Tr.  A.  I.  M.  £.,  1910,  XLi,  367, 

*Tr,  A,  /.  M,  £.,  191 1,  XLH,  783. 
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8.  No,  10  canvas  supported  by  slats  gives  the  best  all-round  service  for  ths  I 
thick  cake,  and  No.  12  canvas  on  wire  netting  answers  the  requirements  for  the  I 
thin-cake  filtering-machines.  I 

9.  With  slimes  containing  a  large  proportion  of  colloid  or  clayey  material  1 
pressures  greater  than  those  obtainable  with  vacuum  apparatus  are  of  question-  I 
able  advantage.  I 

10.  With  slimes  containing  a  large  proportion  of  clayey  material  the  vacuum-  J 
filters  should  be  used.  1 

1 1.  With  slimes  containing  a  small  proportion  of  clayey  material  and  much  | 
fine  sand  both  vacuum-filters  and  pressure- filters  could  be  used  with  perhaps  I 
equally  good  results.  I 

12.  With  slimes  containing  much  coarse  and  fine  sand  the  chamber-filters  \ 
with  air-agitation  and  high  pressures  would  perhaps  give  the  best  results.  I 

13.  Of  the  vacuum -filters,  the  thin-cake  continuous  filters  (Oliver,  Ridgway)  1 
are  a  decided  improvement  over  the  thick-cake  filters  (Moore,  Butters).  ] 

D.  GASES  J 

AIR  SUPPLY  1 

310.  Air-supply  in  General. — In  all  pyro-metallurgical  processes  it  is  neces- 
sary to  supply  furnaces  with  air  to  carry  on  the  combustion  which  fumishea  I 
tjic  heat,  and  to  effect  other  processes  of  oxidation.  Air  is  supplied  either  by  ' 
draft  or  by  blast,  hence  the  apparatus  will  be  of  two  kinds;  one  will  create  a 
draft  by  exhausting  the  products  of  combustion  and  thereby  cause  fresh  air 
(fresh  gas,  with  gaseous  fuel)  to  flow  in  and  fill  the  space  partly  evacuated; 
the  other  will  force  in  fresh  air  and  force  out  the  products  of  combustion.  The 
speedy  removal  of  the  latter  is  usually  assisted  by  draft-apparatus.  Draft  is 
either  natural  or  mechanical.  Natural  draft  is  obtained  by  chimneys;  me- 
chanical, or  induced,  draft  by  fans  or  injectors  or  ejectors.'  As  the  last  two 
devices  serve  also  to  furnish  under-grate  blast,  often  called  forced  draft,  they 
will  be  taken  up  with  the  blowing  apparatus. 

The  air  supplied  to  a  furnace  is  in  most  cases  at  ordinary  temperature. 
In  many  instances  it  is  preheated  to  make  its  action  more  energetic;  in  a  few 
it  is  refrigerated  to  remove  most  of  the  water  and  thus  obtain  dry-blast  with  a 
low  and  uniform  content  of  water.  Air  enriched  in  oxygen*  has  so  far  been  used 
only  in  laboratory  experiments;  Its  application- in  large-scale  work  has  been 
proposed,  but  has  not  yet  been  carried  out. 

311.  Natural  Draft.     Ciiiwnevs.'— A  chimney  is  a  vertical  flue  which  is 

*  The  prncike  of  making  a  Grc-room  air-light  and  maintnining  therein  the  required  prcuure, 
common  on  board  ships,  is  passed  over. 

'LUnnann,  SriM  «.  £iien,  iqw,  xxxn,  601). 

•GrOner,  L.,  "Traitt  dc  Mftallurgie  Gfnerale,"  Dunod,  Paris,  1875,  I,  »73;  Pielsch,  F., 
"Der  FabiakschomsteiD,"  Craz  and  Gerlach,  Freiberg,  i8q6;  Bastioe,  P.,  "  Bececbnung  und 
Bau  Hoher  Schornsteine,"  Felix,  Lei  psic,  189S;  Christie,  W.  W., "  Chimney  Design  and  Theory," 
Van  Noairand,  New  York,  190*;  Kent,  W.,  "Mechanical  Engineer's  Poctet-boolt,"  Wiley, 
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connected  at  or  near  the  bottom  with  a  fireplace,  and  at  the  top  is  open  to  the 
air.  The  chimney-draft  is  caused  by  the  difference  in  density  and  hence  in 
weight  between  a  body  of  heavy  cold  air  P,  Fig.  623,  outside  of  the  chimney  and 
the  same  volume  of  light  hot  air,  P',  inside  of  it.    The  cold  air  displaces  the  hot 

air;  on  its  way  it  passes  through  the  fireplace  and  becomes 
heated;  thus  a  constant  suction  is  obtained,  and  P-P'  repre- 
sents the  total  suction  or  "head"  h  of  the  chinmey.  This 
head  is  defined  as  such  a  height  of  hot  gas  which,  if  added  to 
the  colunm  of  gases  in  the  chimney,  will  produce  the  same 
pressure  at  the  furnace  as  a  column  of  outside  air  of  the  same 
area  of  base  and  of  a  height  equal  to  that  of  the  chimne)'. 
If  H  represents  a  colunm  of  air  of  the  height  of  the  chimne)', 
a  the  expansion  coefficient  of  air  (0.00366  for  i  deg.  C),  t 
and  /  the  temperatures  inside  and  outside  of  the  chimnev*, 


Fig.  625. 


Oumno-^infi.      ^^^    ^(,+aO  =  (F+A)(i+a/),   or   A  = 


i  +  at 


As 


i+a;  is  ^xTx-  small,  it  can  be  neglected.     This  leaves  A  =  £rx«X(/'— /). 
The  ibeocrticJ  \'elocity  (ft.  per  sec.)  with  which  the  outside  air  would  enter 

tlie  diiscey*  pivn-idcd  there  were  no  resistance,  would  be  t; = V  2^A,  in  which  j( 
is  the  oxsol:::!  Acceleration  of  gravity,  32.16  ft.  per  sec.     Substituting  the  value 

Tbc  c-ii-^-y  ^^'  ^ir  Q  that  passes  through  a  chimney  in  a  given  time  (per  sec.) 
.-.^-(^ vra;  tv^  the  area  of  the  chimney,  A ,  the  velocity  of  the  gases  v  and  their 


r*'sj:Y  /  Jk:  the  chimnev  temperature  /',  or  Q  =  AXvXd\     If  (T  is  density  of 
tie  J^J^:--^^^vU'^- then  */'  =  ^_j_—,,  hence  ()  =  .l XV  2gXZ^Xa(r-/)X-^^ 


\S    <  .  i^^  J^^ 


rvl  \   :<k  are  constants,  they  can  be  expressed  by  C,  and  this  gives 


\-  * 

^>v*  hV'!^"^"'  shv^N-s  that  with  a  given  cross-section:  (i)  The  draft- povfr 

\*r!irs  *?^  *^"^  ^"^rv  rvxn  of  the  height  (Vh).    A  chimney  of  double  the  height 

^  ^^KsV.'C  ^*—  h^^"^'  A  draft -power  of  V2,  or  1.4  times  as  large,  of  three  times 

»W  V<it\*^  ^  V  -  I  r,^  times  as  large.    The  ascent  of  the  gases,  however,  is 

^xx^A^kV  >^   i^ts5^'«  duo  to  the  roughness  or  smcxDthness  of  the  walls.    Its 

x-xst  ^v\  X"^  N\^«vs£vWrwl  as  equivalent  to  a  diminution  of  the  actual  area,  .4, 

•V  x-V  -f  N \      Vv^KTicnco  has  shown  that  the  effective  area  ^«  =  -4  — o.6v.4 

V^  >  x<     NNS*    A^  \^^   ^4'-  K?vhards,  J.  W.,  "Metallurgical  Calculations."  McGraw-HUl 

llx*^  s"      "^-'^  ^^^^'  '^"^^"^  **  «5:-i7i;  Toldt,  F.,  and  Wilcke,  F.,  "Regenerativ-GasAfcn.' 

,\^\    *  V*    ■V'^  *^*-'"  -^^J*  "Hiittc,"  Engineer's  Pocket-book,  Ernst  and  Sohn,  Berlin, 

ss   .,     V    •.v\x'^'^'«^  WsxxL  Tr  Am.  Soc.  Mech,  Eng.,  1890,  xi,  974;  Kent,  op.  cil.,  p.  985; 

l^A*    -^     •      ^^  ^^*     "^^^  ^'^'^'*^  '^^•"*  ^^^^'  Clay-worker,  1903,  XL,  556;  xu,6o2,  708;  I9<H. 

'^  *         ^»  >,..    ^^v v^i^*  vVtv.mission.  Eng,  Record,  1901,  xliv,  52,  82;  1902,  XL\i,  60.  49S: 

, . .,  ^      "•'%    "'I.  s^  V  ^^Jt^  0*»^»  lOO'*  ^'"'»  *S6;  Eng.  Record,  1901,  xliv,  271;  Un«er, 

\v-    V*  -w.   x>.N^\  \iv.  »05;  Kingslcy,  F,,  Eng.  Record,  1907,  LVi,  679;  Adams,  Emi 


I'llk' 


j.»  ,  V>i<,  >-H 


MECHANICAL  METALLURGICAL  OPERATIONS 


749 


for  square  as  well  as  for  round  chimneys.*  As  the  friction  increases  with  the 
height,  there  is  a  practical  limit  beyond  which  the  draft  will  decrease  instead  of 
increase.  Chimneys  are  therefore  rarely  made  higher  than  150  ft.  A  practical 
rule  is  to  make  the  height  of  a  chimney  above  the  grate  from  25  to  30  times  the 
inner  diameter  as  long  as  this  does  not  exceed  8  ft. ;  the  factor  may  be  reduced  to 
20  times  with  a  diameter  over  8  ft. ;  in  all  cases  the  height  of  a  chimney  must 
be  greates  than  that  of  neighboring  buildings.  Chimneys  are  built  higher  than 
150  ft.  only  when  obnoxious  gases  or  vapors  are  to  be  dispersed  high  up  in  the 
air  so  that  they  may  become  sufficiently  diluted  to  be  harmless  when  they  reach 
the  earth.  The  chimneys  of  ordinary  reverberatory  furnaces  are  50  or  60  to 
100  ft.  high. 


Table  227 — Some  Tall  Brick  Chimneys 


Inside  diam., 
feet 

Outside  diam., 
feet 

Works 

Height, 
feet 

Reference 

Base 

Top 

Base 

Top 

Halsbriicken,  Freiberg,  Sax- 

460 

iS-7 

15  7 

33 

16 

Christie,  op.  cU. 

ony.* 

Oest,  ZL  Berg.  HUt- 
tcnw.,  i89i,xxxix,86. 

Omaha   &    Grant,    Denver, 

350 

16 

16 

33 

20 

Christie,  op.  cU, 

Colo. 

Orford,     Constable     Hook, 

360 

20 

10 

32 

11.83 

Christie,  op.  cU. 

N.J.                                      i 

Boston   &   Montana,   Great 

506 

62,5 

50 

78s 

53-75 

Eng.    Min.   /.,    1909, 

Falls,  Mont.« 

LXXXVII,  156. 

Eng.    News,  1908,  ix, 

583. 

Anaconda.  Mont.* 

300 

3^-33 

30 

44  S 

32.08 

Eng.  Min.  /.,    1903, 
LXXVI,  962. 

In  boiler-practice  the  height  of  a  chimney  is  varied  with  the  rate  of  combus- 
tion that  it  is  desired  to  attain  per  square  foot  of  cross-section  of  chimney. 
Trowbridge'  gives  this  relation  in  Table  228. 

Thurston*  expresses  by  2\/H{ii.)^i  the  rate  of  combustion  of  anthracite 


'  Porter,  Eng.  Min.  /.,  1906,  lxxxi.  950. 

*  These  three  works  are  situated  some  distance  below  the  bases  of  the  chimneys,  inclined 
flues  serving  as  dust  chambers  leading  the  gases  to  them.  The  vertical  distance  from  plant 
to  base  of  chimney  at  HalsbrUcken  is  219  ft.,  at  Great  Falls,  Montana,  275.5  ^t.,  at  Anaconda, 
478.5  ft. 

•Trowbridge,  W.  P.,  "Heat  and  Heat  Engines,"  Wiley  &  Sons,  New  York,  1874,  p.  153. 

*  Tr.  Am.  Sac.  Mech.  Eng.,  1890,  xi,  991. 
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Table  aiS. — Height  of  Chihnev  as  Related  to  Rate  or  CouBUsnoir 


Height  or 

chimney, 

feet 

Pounds  coal 
burned  per  hf . 

per  sq.  ft. 
croas-seclion 
of  chimney 

Pounds  coal 
bumed  per  sq.  ft. 

o(  grate  area; 
ratio  of  grate  to 
cross- sect  ion  of 

chimney,  8 :  i 

Height  of 

feet 

Pounds  coal 

bumed  per  hr. 

per  sq.  ft. 

cross-section 
of  chimney 

Pounds  coal 
butned  per  *q.  ft. 

of  grate  area; 
ratio  of  grate  10 

chimney,  8  :  i 

IS 

3" 

35 
40 
45 
5° 
SS 
60 
"55 

60 
68 
70 
84 
93 
09 

n6 

7-5 
8.S 
0  5 
10. 5 
11,6 

13.8 
H-S 

70 
75 
80 
8S 
go 
95 

105 

116 
131 
'35 
139 
144 
148 
iSJ 

160 

'5 
t6 
16 
>7 
■  S 
18 
IQ 
•9 

8 

4 
9 

4 

S 

5 
0 

1 

in  lb.  per  sq.  ft.  of  grate  area  per  hr.  with  a  chimney  of  given  height. 
Table  229  gives  data  for  heights  H  ranging  from  50  to  200  ft.  The  data  agree 
with  those  of  Trowbridge, 

Table  i»q.— Height  of  Chiknev  as  Related  to  CoiretrsnoN  of  Anthracite  Coal 


Height  <ft.)  1 
W1I-.     1 


M    >     I     I     I     I 

I     90     [  ioO|    no    I    135    I    ISO        17s 
I  17.971   19  I  19.97    i'.36|  13.4s    »S-4S|  : 


increases  as  the  square  root  of  the  difference  of  internal  and  external  tempera- 
tures, and  decreases  with  the  expansion  of  the  gases  by  the  rise  of  temperature. 
As  the  denominator  increases  more  rapidly  than  the  numerator,  a  point  is 
reached  beyond  which  a  rise  in  temperature  will  not  increase  the  draft. 

Calculation  of  the  maximum  for  t=o,  gives  t'  =  2-j7,°  C.     Betenniniiig' 


Vf-t 

i  +  aC' 


for  temperatures  between  100  and  500  deg.  with  /*= 


the  values  for 

gives  the  data  of  Table  230,  the  results  of  which  are  shown  graphically  in  Fig, 
624.  These  show  that  with  a  chimney-gas  of  100  deg.  the  draft  is  strong;  that 
it  increases  somewhat  with  200  deg.,  and  hardly  at  all  between  aoo  and  373 
deg.  A  temperature  of  200  deg.  is  therefore  generally  accepted  as  the  highest 
mean  temperature  of  the  chimney;  in  other  words,  furnace-gases  can  be  cooled 
down  to  200  deg.,  their  heat  being  utilized  for  raising  steam  or  other  heating 
purposes,  and  the  draft-power  of  the  chimney  not  interfered  with. 
'  GrUner,  op.  cit.,  i,  184. 
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Table  130. — Rei^tiom  or  Tempesatobe  and  Dbait-powek 


100 

)0O 

a73 

300 

400 

.» 

7.4 

8-16 

8.1SS 

8.»si 

a. no 

J.«9 

The  area,  ^ ,  of  a  chimney  required  for  a  given  case  can  be  calculated  froml 
the  quantity  of  gas  Q'  and  the  velocity  v  of  the  gas  to  be  discharged  per  second  1 
as  Q'  =  M  Xo,  hence  A  =  —-    If  t'  is  the  temperature  of  the  gases,  Q°  their  volume  'I 


atodeg.  C.,then^'=C°(i+o.oo366l')  and.4=0''X 


[  +0-0O366t' 


In  general}.! 


I  lb.  bituminous  coal  burnt  with  the  necessary  excess-air,  usually  24  lb.  a 
may  be  said  to  furnish  about  275  cu.  ft.  ol  products  of  combustion  at  o  deg. 
Assuming  that  the  gases  enter  the  base  of  the  chimney  at  275  deg..  then  ac- 
cording to  Qt=Qoy.{i+o-oo^bbt),  or  Qz-ih^QX-s,  or  i  lb.  bituminous  coat 
furnishes  550  cu.  ft.  of  products  of  combustion  at  275  deg.  C. 

The  value  (or  v  shows  a  range  of  10  to  23  ft.  According  to  Grttner,'  16-17I 
ft.  is  the  highest  value  for  a  gas- temperature  of  200-300  deg.  C.  when  there  \sM 
no  excessive  friction,  and  10-13  f'-  '■^^ 
lowest  value  when  there  is  excessive  fric- 
tion as,  e.g.,  in  Siemens  regenerative  cham- 
bers. The  last  is  a  good  average  value  for 
large  flues  of  small  cross-section  or  for 
large  flues  in  which  dust  is  to  be  deposited ; 
0  should  never  be  less  than  7  ft.  with 
chimneys  placed  back  of  an  ordinary  re- 
verberatory  furnace.* 

In  practice  it  is  common  to  have  a  definite  relation  betw 
of  the  chimney  and  the  total  grate  area  or  the  free  area,  , 


Fig.  614. — Chimney-draft  and  temper'  1 

ature  ol  gases. 


n  the  sectional  area 
.,  the  area  of  grate 

interstices,  as  the  rate  of  combustion  is  largely  governed  by  it.  ■  Thus,  with  a 
50-  to  100-ft.  chimney,  its  cross-sectional  area  with  metallurgical  furnaces  is 
made  from  i/a  to  i/s  the  size  of  the  total  grate  area  or  from  1/3  to  1/5  of  the 
free  area;  the  larger  value  refers  to  bituminous  coal,  the  smaller  one  to  lignite, 
peat  or  wood.  With  boilers,  which  burn  fuel  more  slowly  than  metallurgical 
furnaces,  the  ratio  is  from  i  :  6  to  1:8. 

With  the  same  chimney  a  small  grate  will  give  rapid,  and  a  large  grate  slow 
combustion.  The  former  promotes  the  formation  of  CO?,  the  latter  of  CO; 
hence  if  the  grate  is  too  large  it  causes  waste,  but  this  can  be  corrected  by 
covering  part  of  the  grate  with  brick.  In  a  similar  manner,  since  it  is  per- 
missible to  reduce  the  effective  area  of  a  chimney  by  means  of  a  damper  or  a 
gate,  it  is  safer  to  err  in  making  the  sectional  area  a  little  too  large  than  too 
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small.     If  the  area  is  too  large,  however,  descending  air-currents  are  produced 
which  interfere  with  the  draft. 

The  draft  is  usually  measured  by  means  of  a  draft-  or  a  pressure-gauge. 
The  most  common  form  is  a  U-shaped  tube  of  which  one  end  is  open  to  the  atmo- 
sphere while  the  other  is  connected  with  the  space  in  which  a  different  pressore 
exists.    The  tube  is  filled  with  a  liquid;  water,  colored  glycerine,  oil,  or  phenol 
for  small,  and  quicksilver  for  large  differences  in  pressure.    The  excess  of 
pressure  in  one  limb  over  that  in  the  other  forces  the  liquid  down  in  the  fint 
and  causes  it  to  rise  a  corresponding  amount  in  the  second;  the  difference  in  levd 
represents  the  height  of  a  column  of  liquid  which  will  be  balanced  by  the  excess 
of  pressure  over  the  atmosphere.    The  pressure  is  expressed  in  inches  of  tkc 
liquid  used  or  in  oz.  or  lb.  per  sq.  in.     If  the  weight  of  i  cu.  ft.  (1728  cu.  in.) 
water  at  ordinary  temperature  is  62.33  lb.,  then  a  column  of  water  i  in.  sq. 
and  1728  in.  high  will  exert  a  pressure  of  62.33  lb.,  or  a  column  27.7  in.  hij^ 
a  pressure  of  i  lb.,  or  a  column  1.73  in.  high  a  pressure  of  i  oz.,  or  a  colmm 
I  in.  high  i   in.  head  =0.578  oz.     Table  220*  gives  the  relation  between 
water-column  in  in.  and  pressure  in  oz.  per  sq.  in. 

Table  231. — Relation  of  Water-column  in  Inches  and  Pressure  in  Ounces  per  Squau 

Inch 


Water 

Decimal  parts  of  an  inch 

column, 

-   •  -- 



inches 

0.0 

0.  I 

0.  2 

03 

0.4 

OS 

2.6 

0.7 

0.8 

0.9 

0 

0.06 

0. 12 

0.17 

0.23 

0.  29 

0.3s 

0.40 

0.46 

osi 

I 

0.5S 

0.63  1 

0.69 

0.7s 

0.81 

0.87 

0.93 

0.98 

1.04 

1.09 

2 

1.16 

I.  21 

1.27 

^'53 

I  39 

I   44 

150 

1.56 

1.62 

1.67 

3 

I    73 

1.70  ' 

i»5 

1. 91 

1 .96 

2.02 

2.c8 

2.14 

2.19 

2.25 

4 

2.31 

.V37   ' 

2.42 

2.48 

2  54 

2.60 

2.66 

2.72 

2.77 

2.83 

5 

2.  So 

2.04   ! 

3  00 

3.06 

3   12 

3   18 

3- 24 

329 

3  35 

341 

6 

3  47 

3  5-^ 

ys^ 

3  64 

3  70 

3-75 

3-81 

3.87 

3  92 

398 

4  04 

4.  10 

4. 16 

4.22 

4.28 

4-33 

4-39 

4  45 

4  50 

456 

8 

4  ^.^ 

4  t^7 

4  73 

4-79 

485 

4  01 

4  97 

5  03 

5.08 

5  14 

0 

5    -0 

5    -f^ 

5  31 

5-37 

s  42 

5  48 

5-54 

5  60 

5.66 

1    S-7J 

In  round  numbers,  i  lb.  or  16  oz.  pressure  per  sq.  in.  =  28  in.  of  water  =2  in. 
of  quicksilver  =22  in.  of  glycerine  (sp.  gr.  1.28). 

The  draft  of  a  chimnev  mav  be  as  much  as  0.60  in.  water  in  winter;  this 
figure  falls  in  summer  to  perhaps  0.40  in.  In  cases  where  the  gases  from  a 
hearth  at  a  rixi  heat  enter  the  chimney  direct,  the  draft  is  twice  and  even  three 
tinus  as  strong. 

»  Siu>\\ .  \V.  U..  •*  Mcx hanical  Draft,"  Sturtcx-ant  Engineering  Co.,  Hyde  Park,  Mass.,  i«99t 
p,  i(»o. 
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Fig.  635  represents  an  ordinary  form  of  draft-gauge.  The 
U-tube  is  filled  with  water  and  provided  with  a  scale  having 
tlie  zero  mark  in  the  center.  This  form  lacks  the  sensitiveness 
■BCcasary  for  measuring  small  drafts,  such  as  are  common  in  the 
Jhfring  of  gases.  In  the  modem  Wallaston  draft-gauge,'  Fig. 
M,  this  disadvantage  is  remedied  by  having  the  narrow  U-tube 
A  surmounted  with  chambers  B  and  C  that  are  filled  with  a 
Iqnid  which  will  not  mix  with  that  contained  in  A,  and  b 
letter,  but  has  approximately  the  same  specific  gravity.  Thus 
dark-colored  phenol  and  a  saturated  colorless  solution  of  phenol 
fa  water;  or  olive  oil,  perhaps  a  lubricating  oil,  and  a  mixture 
of  ilcohol  and  water  with  a  difference  in  specific  gravity  of  3  per 
cent  between  oil  and  mixtures,  are  used  for  this  purpose.  In 
the  gauge  the  fall  of  the  line  of  demarcation  x  is  proportional  to 
Ox  difference  in  the  surfaces  of  the  chambers  B  and  C  and  the 
inade  sections  of  the  tubes  A.  If  the  ratio  is  as  10  :i,  a  fall  of 
o.t  in.  in  B  will  cause  a  fall  of  the  line  of  demarcation  x  of  i  in. 
The  instrument  is  calibrated  with  the  ordinary  U-tube.    The  ^^ 

Fallis  manometer'  has  a  similar  construction.  Pj^,    ^^  

The  Ellison  differentiated  draft  gauge,*  Fig.  Ordinary  form 
627  is  another  sensitive  instrument.  It  consists  of  dtait-gauge. 
of  a  case  holding  an  inclined  U-shaped  glass 
tube,  one  upright  limb  having  been  enlarged  to  a  cylindrical 
)  chamber,  and  a  level.  The  rise  and  fall  of  the  single  liquid  is 
proportional  to  the  surface  areas  of  the  liquid  in  the  tube  and 
the  chamber;  thus  a  slight  change  of  level  in  the  chamber  will 
show  a  considerable  rise  or  fall  along  the  scale  placed  against 
the  tube.  The  case  for  gauges  denoting  a  vacuum  of  1/2,  i 
and  2  in.  is  4  in.  wide  by  i  in.  deep  by  13.2  in.  long;  that  for  a 
vacuum  of  i  1/2  and  3  in.  is  5  in.  wide  by  i  in.  deep  by  18.4 


Fig.  6j6.— Wal- 
hiton  draft -gauge. 


Fio.  617. — Ellison  differential  draft-gauge. 


in.  long.     The  scale  for  the  1/2-,  2-,  and  3-in.  gauges  has  20  graduations  to  the 
inch,  that  for  i-  and  i  1/2-in.,  has  to. 

'  Tr.  Am.  Ceram.  Soc.,  1900, 1,  88;  Thonind.  Z.,  1900,  xxiv,  loi,  1044. 
■lies,  Eng.  Min.  J.,  1900,  lxk,  765. 

Brown,  of.  cit.,  1900,  lxx,  93. 
'Ameikan  Steam  Gauge  and  Valve  Mfg.  Co.,  Boston,  Mass. 
48 
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Fig.  628. — Seymour  draft-gauge. 


Fig.  628  shows  the  Seymour  draft-gauge^  which  is  different  in  construction 
from  the  preceding  two  sensitive  gauges,  but  also  indicates  the  slightest  changes 
in  draft.  It  consists  of  a  lower  circular  dbh  of  sheet-metal,  12  in.  in  diain.and 
3  in.  high,  half  full  of  water;  through  the  bottom  projects  a  vertical  tube, 
2  in.  long,  that  is  connected  with  the  chimney  and  is  provided  with  a  cock.  In 
this  dish  is  inverted  an  upper  similar  dish,  10  in.  diam.,  which  is  suspended 
from  a  steel  yard.  Assume  that  the  strongest  draft  to  be  measured  is  i  in.  of 
water.  A  column  of  water  10  in.  in  diam.  and  i  in.  high  is  easily  calculated  to 
weigh  2.832  lb.  If  the  gauge  is  balanced  under  atmospheric  pressure  with 
the  sliding  weight  at  zero,  the  addition  of  2.832  lb.  on  the  inverted  disband 
balancing  the  gauge  by  sliding  the  weight  on  the  arm  will  locate  the  point  at 

which  the  draft  wnll  be  equal  to  i  in. 
water.  Dividing  the  distance  b^ 
tween  this  point  and  zero  into  100 
parts,  each  division  will  represent  a 
draft  of  i/ioo  in.  of  water,  after  the 
2.832  lb.  have  been  removed. 

The    draft-gauge    of    Kent*  is 

similar.      See    also    Dosch,'  Wej- 

mouth,*  Smallwood,*  Stach,*  Cont- 

zen.^     Besides  the  gauges  described 

which  are  designed  for  independent 

observation,  there  are  gauges  in  use  which  furnish  continuous  records,  r|., 

the  mechanical  draft  recorder  of  the  Crosby  Steam  Gauge  &  Valve  Co.,  Boston, 

Mass.,  or  Hohmann  &  Maurer  Mfg.  Co.,  Rochester,  N.Y.® 

Chimneys  are  built^  of  brick  or  steel  plate.  In  recent  years  concrete*®  has 
replaced  brick  in  many  instances.  Even  wooden  stacks  are  in  use  for  carr}'ing 
off  blast-furnace  gases,  e.g.,  at  Mapimi,  Mexico.^'    There  is  little  choice  be- 

*  Coll,  Engineer^  1889-90,  x,  195. 

'  Kent,  W.,  "Steam  Boiler  Economy,"  Wiley  &  Sons,  New  York,  1901,  p.  363. 
'  Stahl  u.  Eiseriy  1910,  xxx,  117. 

*  Min.  Sc.  PresSf  191 2,  crv,  562;  Afet.  Chem.  Eng.j  191 2,  x,  315. 
'  Com  p.  Air,  191 2,  xvii,  6288. 

^GlUck  aujy  1910,  XLVi,  1833,  1869;  Stalil  u.  Eisen^  1911,  xxxi,  1752,  1880. 
^  Op.  cit.,  1912,  xxxii,  573. 

*  See  also  Thomas,  Iron  Age,  1911,  Lxxx\'ii,  676;  J.  Frankl.  Inst.^  191 1,  CLXXii,  411;  H)^!^ 
Mfg.  Co.,  Pittsburgh,  Pa.,  op.  cH.y  1910,  lxxxv,  114;  E.ng.  Min.  /.,  1910,  lxxxix,  811. 

Xcuhaucr,  Ocst.  Zi.  Berg.  Hiittenu'.j  1910,  LViii,  21;  General  Electric  Co.,  Schenectady, 
\.  Y.,  Bulletin  No.  4720. 

'^Roch,  P  ,  "Baukunde  far  Berg-  und  Iluttenleute,"  Craz  und  Gerlach,  Freiberg,  igoi- 
pp.  281-293. 

*°  Ransome  system,  Eng.  Rec.y  1901,  XLrv',  517. 
Schuyler,  op.  cit.,  1903,  XLVii,  374. 
Butte  Reduction  Works,    op.  cit.,  1906,  Liii,  124. 

Custodis  Chimney  at  Seaton,  Carew,  England,  Eng.  Min.  /.,  1909,  LXXX\'m,  777. 
Jensen,  Eng.  News,  191 2,  lxvii,  866. 
Stewart,  Eng.  Min.  J.,  191 1,  xcii,  153. 
"  Magenau,  Min.  Sc.  Press.,  1901,  Lxxxii,  820. 
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tveen  brick  and  steel  as  to  draft,  since  the  greater  friction  of  the  brick  is  oSset 
bf  the  more  rapid  radiation  with  the  steel.  Brick  chimneys  are  more  expen- 
nre*  than  steel  ones;  metallurgical  fumes  are  often  heavily  charged  with 
nlphurous  gases  which  would  attack  the  steel;  however,  steel  chimneys  are 
often  lined  in  order  to  protect  the  metal  and  to  diminish  the  loss  in  heat. 

Chimneys  are  circular,  octagonal  or  square  in  cross- se ction ;  large  brick 
diimneys  are  usually  circular,  as  is  always  the  case  in  the  steel  chimneys.  The 
circular  form  is  the  best,  as  it  causes  the  least  friction,  has  the  smallest  cooling 
surface,  and  requires  less  building-material  than  the  other  two  forms.  With 
square  chimneys  just  the  reverse  is  the  case;  the  octagonal  chimney  stands 
between  the  two.  As,  however,  the  difference  in  draft  between  the  circular 
and  the  square  chimneys  is  only  2  per  cent.,  small 
brick  chimneys  are  usually  built  square,  because  they 
are  cheaper,  requiring  only  ordinary  brick  and  not 
especially  skilled  masons. 

The  vertical  section  of  the  shaft-like  flue  is  usually 
rectangular,  rarely  trapezoidal.  Considering  that  the 
irictional  resistance  of  the  chimney  is  only  about  i/io 
that  of  the  furnace,  the  slight  taper  from  bottom  to 
top  that  might  be  used  increases  the  draft  too  little  to 
make  up  for  the  increased  cost. 

The  top  of  a  small  brick  chimney,  ha\'ing  a  plain 
or  bluff  top,  is  usually  covered  with  a  stone  or  a  metal 
plate;  large  chimneys  have  a  cap  which  is  concave 
toward  the  orifice  that  it  may  deflect  the  wind  upward 
and  thus  help  the  draft.  Chimneys  are  provided 
with  lightning  rods,*  which  must  be  well  grounded. 
Ladder-ways  are  also  provided. 

The  thickness  of  the  brick  wall  and  its  outer  form 
are  governed  by  the  temperature  of  the  gases  and  the 
stability  of  the  structure.  Considering  that  the 
weight  of  the  chimney  increases  from  the  top  down- 
ward, -the  sectional  area  of  the  brickwork  must  be 

correspondingly  enlarged.  This  gives  the  outer  form  a  taper  or  batter 
which  has  a  range  of  from  1/4  to  1/16  in.  per  ft.  The  brickwork  is  made 
one  brick  thick  (8  or  9  in.)  for  the  first  25  ft.  from  the  top,  and  increases 
half  a  brick  (4  or  4  i/a  in.)  for  each  25  ft.  downward.  If  the  diameter  of  a 
circular,  or  the  inscribed  circle  of  a  square  chimney  exceeds  5  ft.,  the  upper  25  ft. 
should  be  1  i/a  brick  thick;  if  it  is  less  than  3  ft.,  the  upper  10  ft.  may  be  1/2 
brick  thick.  In  order  to  save  in  material,  and  to  permit  the  use  of  standard 
uzes  of  brick,  a  chimney  is  not  built  with  a  uniformly  increasing  thickness  of 
wall,  but  the  thickness  is  increased  by  a  series  of  steps  as  shown  in  Fig.  629. 

'  Babcock  &  Wilcoi  Co.,  Iron  Age,  1889,  XLUl,  s^(l. 

Crane,  op.  cil.,  1898,  lxii,  Oct.  20,  p.  16. 
■Standards,  of  the  U.  S.  Navy,  Eng.  Etc.,  1907,  lvi,  391. 


Fig.  629. — Vertical  sectioi 
through  brick  chimney. 
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With  chimneys  from  90  to  120  ft.  high,  these  steps  are  made  from  17  to  ijlL 
long.  With  circular  chimneys  perforated  brick.  Fig.  630,  are  frequently  used 
in  the  outer  shell.  These  perforations'  are  filled  more  or  less  with  mortal  and 
thus  furnish  an  additional  bond.  The  brick  at  the  bottom  are  laid  in  ordinuy 
mortar,  at  the  top  in  cement,  as  mortar  can  stand  more  heat  than  cement, 
while  cement  is  stronger  than  mortar;  in  the  shaft  the  mortar  is  replaced  step- 
wise by  cement. 

In  many  instances  the  chimney  extends  into  the  ground  and  thus  forms  the 
foundation;  usually,  however,  it  rests  on  a  square  or,  with  circular  chimneys,  oa 
an  octagonal  base  which  has  a  curved  rising  opening  serving  as  an  inlet-flue. 
The  height  of  the  base,  Fig.  629,  usually  is  from  1/5  to  1/6  that  of  the  hdgfald 
the  chimney  and  its  walls  extend  i  1/2  to  3  1/2  ft.  beyond  the  outer  chinmty- 
line  if  prolonged  to  the  foundation.*    The  shaft  of  the  chimney  ought  toeitend 


Fic.  e^o.^Pcrforaled  brick. 


Fic.  631. — Plue-opcning  and  port  of  chinuwy. 


from  2  to  3  ft.  below  the  flue-opening  in  the  base,  or  the  foundation,  in  order  to 
form  a  pocket  for  collecting  flue-dust.  Opposite  the  flue-opening  there  ii 
usually  a  port,  Fig.  631,  closed  by  a  light  wall,  to  furnish  ready  access. 

Chimneys  of  any  considerable  size  are  built  of  two  shells  which  are  independ- 
ent of  one  another.  Figs.  632,  and  636.  The  outer  shell,  or  visible  stack,  must 
have  sufficient  strength  to  give  stability  to  the  structure;  the  inner  shell,  or  core, 
may  reach  up  only  a  short  distance  in  the  outer,  but  usually  extends  to  the  top 
or  within  a  few  feet  of  it.  In  the  first  case,  the  core  is  made  half  a  brick  thick 
and  laid  in  clay;  the  air-space,  2  to  6  in.  wide,  is  covered  to  prevent  its  becoming 
filled  with  flue-dust.  In  the  second,  it  is  built  in  steps,  Fig.  636,  as  is  the  outer 
shell.  The  thickness  at  the  top  is  about  one-half  that  of  the  outer  shell;  it  can 
be  thinner,  as  it  is  protected  from  the  wind  by  the  outer  shell,  and  has  therefore 
to  carry  only  its  own  weight.  Clay-mortar  is  ordinarily  used,  at  least  for  the 
lower  part.  At  intervals  of  10  or  20  ft,  brick  projections  reach  from  the  outer 
to  the  inner  shell  to  furnish  a  lateral  support.  If  more  than  one  flue  enters  the 
base,  vertical  partition  walls  have  to  be  erected  in  order  that  the  gases  in  each 
flue  may  be  deflected  upward  independently  from  those  of  the  others  before  they 
meet  and  pass  off  together. 

The  foundation,  if  built  on  comi)act  sand,  loam  or  gravel,  should  not  eiert 

I  R:\<ii:ilbrickchimncyat  Newark,  N.  J.,  fing.ftft.,  T903,XLVin,46. 

(hrislie,  Cass.  Mag.,  iqo6,  xxrx,  3(19. 
» Irwin,  Eng.  ilin.  J.,  1Q04,  L-Xxvii,  103. 
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■  pressure  greater  tlian  2  tons  per  sq.  ft.;  with  solid  rock  this  figure  may  be  in- 
creased to  5  tons.  With  soft  ground,  it  may  be  necessary  to  start  with  a  layer 
of  concrete  21/2  to  4  ft.  thick  which  extends  10  to  aoin.  beyond  the  foundations. 
It  may  even  be  necessary  to  drive  piles  before  laying  the  concrete.  As  shown  in 
Figs.  629,  632,  and  633,  the  brick  foundation  is  spread  out  so  that  the  per- 
missible pressure  may  not  be  exceeded;  it  is  built  in  steps  or  in  form  of  a  trape- 
K>tdal  block  with  sides  forming  an  angle  of  45  or  often  60  degrees  with  the  hori- 
zontal. In  all  cases  the  thickness  beneath  the  bottom  of  the  shaft  should  not 
be  less  thaji  3  to  5  ft. 

The  stability  of  a  chimney  depends  upon  the  vertical  pressure  of  the  brick- 
irork  and  the  lateral  pressure  of  the  wind.     The  maximum  pressure  of  wind  is  to 


i'  "  ''     '£ 


Fig.  633. — Foundation  o£  chimney. 


be  5S  lb.  per  sq.  ft,  on  a  flat  surface;  this  is  in  excels  of  the  pressure  exerted 
by  an  immense  hurricane,  or  a  velocity  of  100  miles  per  hr.  =  49. 2  lb.  persq,  ft. 
On  a  round  chimney  the  pressure  is  assumed  to  be  0.67  that  of  the  square 
chimney,  with  an  octagonal  chimney  0.71,  on  a  hexagonal  chimney  0.75.    The 

D+d 
wind-pressure  on  a  flat-surface  chimney,  Fig.  634,  is  A=Ey. =  90  X 

=  8iosq.  ft.    The  wind-pressure  of  55  lb.  persq.  ft.  on  a  circular  chimney 

is:  P— 0.67X55  X.^  =  29,848  lb.      The  height  of  the  center  of  wind-pressure  on 

a  trapezoid,  ^o=-X^~  =  "X^'|^^-^-  =  39-9  ft.     The  cubic  content  of 

the  solid  chimney,V,=  [  (^  +  (f)  Vfx^]  X^><-^=  [  (^^)  ^ 


t]> 


D'1„HX 


-6030.8  cu.  ft.,  that  of  tlie  core,  Vc-  [  (^)'+(y)'+^  X 


F=[©+er)>fx:] 


:,  Vc 
3-4_ 


XiooX-'  -  =  2896.1  cu.ft.,hence the 
cubic  content  of  the  masonry,  V»i  =  K>—V'e=6o30,8— 2896.1=3134.7  cu.  ft., 
and  its  weight,  W=V'mXi2S  (^^  of  ^  c"-  ft.  hard  brick)  lb  =  3i34,7Xi2S  = 
391,8371b.    Its  stability  moment,  W,  =  -      - -=  —  =  235io22;itsover- 

29848X39.9=  1,190,935,  which  gives  its  stability 
,  and  this  is  close  enough  to  2  to  make  it  abso- 


toming  moment,  Afo=PXi/<i 

„    M,     21^1022 
&ctor,  5=T,-  =  ^^—     =10 
M,    119093s       ^ 
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lutely  safe.     The  stability  of  a  chimney  can  be  calculated  as  a  whole,  or  pref- 
erably each  section  separately. 

A  graphic  method'  for  determining  the  stability  b  shown  in  Fig.  655.  Bete 
^J3CZ)  represents  the  vertical  section  of  a  chimney  or  a  division  of  it  Inonla 
to  find  the  center  of  wind-pressure  0,  draw  the  diagonals  AD  and  BC,  andoa 
BC  lay  ofl  CE = NB ;  bisect  A  D  which  gives  F,  and  join  E  and  F ;  the  point  0 
where  EF  cuts  the  center-line  of  the  figure  is  the  center  of  wind-pressure,  the 
point  at  which  the  wind  is  supposed  to  act.     Draw  the  horizontal  and  verticsl 
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Fig.  634.— SUbility— CalculalEo 
circular  chimney. 


Fig.  635. — Stability— Conatruelion 
of  chimoey. 


components  OK  and  OL  of  a  parallelogram  of  forces,  and  lay  off  at  the  same 
scale  on  OK  the  intensity  of  the  total  wind  pressure,  on  OL  that  of  the  total 
weight  of  the  chimney,  and  complete  the  parallelogram;  the  resultant  OR  wiU 
cut  the  base  CD  at  P.  The  chimney  is  stable  as  long  as  QP  with  a  square  chim- 
ney is  less  than  1/3  CD,  and  with  a  circular  chimney  less  than  1/4  CD.  There 
will  be  no  tension  in  the  mortar  on  the  windward  side,  and  on  the  leewardside 
the  highest  compression  will  not  be  over  twice  the  average  compression  due  to 
that  of  weight  alone.     A  safe  load  for  hard-burnt  brick  is  10  tons  per  sq.  ft. 

Steel-plate  chimneys  are  either  self-supporting  or  guyed.  With  the  former, 
the  shell  at  the  base  is  heavy  (1/2-in.  steel)  and  splayed  out  so  as  to  give  addi- 
tional bearing  on  the  foundation.  The  shell  is  bolted  to  a  foundation-ring  of 
cast-iron  which  is  anchored.  The  chimney  has  a  straight  taper;  the  plates  are 
riveted  in  rings  50  to  60  in.  high,  and  grow  thinner  from  bottom  to  top.  Steel 
chimneys  are  cither  full-lined,  half-lined,  or  unlined,  depending  upon  the  tem- 
perature and  character  of  the  gases.  When  lined  with  fire-brick,  thelinbgis 
made  half  a  brick  thick  at  the  top  and  increases  in  thickness  downward.  It 
'  P.  Schwamb,  "  Notes  on  SlabilK^  ot  CWnvwevSi"  Mass.  Institute  of  Technology,  p.  ij- 
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lies  close  to  the  steel,  and  being  carried  by  the  plate  adds  nothing  to  the  strengt 
of  the  chimney.     The  internal  diameter  is  made  uniform  from  bottom  to  top.V 
The  life  of  a  steel  chimney  is  estimated  at  about  u  years;  the  steel  has  to  heM 
painted  about  once  in  two  years;  the  chimney  should  not  stand  idle,  as  itcorrodeaifl 
rapidly. 

Figs.  636  to  641  represent  a  circular  brick  chimney  at  Fall  River,  Mas9.J 
6  ft.  in  diam.  and  175  ft.  high,  built  by  W.  T.  Henry  to  serve  seven  ya-in.  1 
zontal  tubular  boilers,  each  of  which  has  a  grate-area  of  33  sq.ft.  The  chimney 
is  very  slim  and  rests  on  bed-rock.  The  foundation  is  built  of  rough  stone 
surmounted  from  the  surface  of  the  ground  by  dressed  stone,  Figs.  636  and  640. 
The  chimney  has  an  outer  and  inner  shell  built  in  steps.  Fig.  636;  the  inner 
diameter  of  the  core  remains  uniform  throughout;  the  external  diameter  of  the 
outer  shell,  15  ft.  9  in.  at  the  base,  decreases  to  8  ft.  2  in.  at  a  height  of  161  ft.  q 
in.;  the  inner  stack  is  carried  down  inside  of  the  foundation  of  the  outer  stack; 
the  brickwork  of  the  outer  stack,  Figs.  636  and  640,  is  splayed  out  inside  at  the 
bottom  to  within  i  in.  of  the  core  so  as  to  distribute  the  pressure  over  the  stone 
foundation;  at  the  top,  Fig.  637,  it  is  drawn  in  to  the  same  diameter  as  the  core; 
buttresses,  Figs.  638  and  639,  reaching  from  the  outer  to  the  inner  shell  give 
the  latter  the  desired  stiffness.  The  inner  stack  is  12  in.  thick  at  the  bottom 
and  4  in.  at  the  top,  wiiile  the  outer  stack,  also  12  in.  thick  at  the  bottom  de- 
creases to  8  in.  at  the  top;  the  latter  is  protected  by  two  rows  of  special  tiles. 
Fig-  637;  and  an  iron  hoop,  2  1/2X2  in.  and  9  ft.  2  in.  in  outside  diam.,  is  built 
into  the  top  to  tie  it  together  securely.  There  are  two  lightning  rods  of  3/4-in, 
copper  which  are  united  at  the  161  ft.  9  in. -level  to  a  1/2-in.  copper  ring  from 
which  a  1/2-in.  copper  rod  extends  down  the  side  of  the  chimney  into  the  ground. 

The  flue,  rectangular  with  arched  top,  enters  the  foundation,  a  largestone, 
Fig.  640,  spanning  the  opening;  a  i6-in.  arch,  Figs.  640and  642,  supports  the  wall 
of  the  core,  while  the  remainder  of  the  face,  Fig.  636,  is  arched  over  with  an 
8-in.  wall  and  this  with  a  i2-in.  wall,  there  being  a  2-in.  air-space  at  the  top  and 
sides  excepting  where  support  is  needed  for  the  arch.  The  mortar  used  was 
composed  of  1  vol.  Rosendale  cement  and  2  vol.  lime  mixed  with  sharp  sand. 
The  brickwork  is  bonded  through  every  eighth  course. 

Other  examples;  Plymouth  Cordage  Co.,  Plymouth,  Mass.;'  Presidential 
Building,  Newark,  N,  J.;'  Yuerba  Buena  Power  House;'  Plymouth  Works, 
British  Coalite  Co.,*  Easton,  Pa.;*  Concrete  Reinforced,*  Tacoma  Smelting 
Co.;'  Wiederhall  type.* 

'  £«(.  Rec,  1901,  xLiii,  466. 

'Op.  eil.,  igai,  xuv,  567. 

'  Of.  cil.,  1904,  xux,  S5>. 

*5idU  H.  Eisen,  igog,  xxix.  965. 

*Clay  Workrr.  1911,  lvi,  1^^. 

'Wddner,  Slahl  u.  Eisen,  1509,  xxxii,  1508. 

Weber,  Iran  A%€,  1910,  lxxxv,  330, 

F&ber,  Eniintcrint,  1911.  xcu,  814. 
'Jtfid.  Itid.,  1905,  XIV,  178. 
*/mi  Af,  >9i>>  Lxxxviii,  6S9. 
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Figs.  642  and  643  represent  a  lined  steel-plate  chimney,  10  ft.  in  diam.  and  "V 
200  ft.  high,  designed  by  A,  Laughlin  of  Pittsburgh,  Pa.    The  foundation.  Fig.'  fl 
642,  is  red  brick;  at  the  floor  level  it  is  covered  with  a  course  of  stone  that  is/l 
tied  by  a  wrought-iron  strap  made  in  two  parts  and  boiled  together,  Fig.  643.-I 
The  stone  carries  the  cast-iron  foundation -ring,  2  i/i  in.  thick  and  made  \a'% 
four  segments.    The  shell  is  bolted  through  a  steel  bell-plate,  i  i/i  in.  thick,  I 
and  the  cast-iron  foundation- ring  by  means  of  eight  2  1/2-in.  rods  which  are  con-  I 
nected  with  anchor-plates  imbedded  in  the  foundation.    The  base  is  of  i/i-in..! 
steel  and  is  splayed  at  the  bottom,  and  the  stack  is  slightly  tapered;  the  plates'l 
are  4  ft.  wide  and  decrease  in  thickness  from  3/S  to  1/4  in.     The  stack  is  full-  1 
lined;  the  self-sustained    lining,  18  in.  in  the  lower  part,  decreases  by  inner 
steps  to  4  1/2  in.  at  the  top;  a  3-in.  expansion-space  filled  with  loam  is  left 
between  the  lining  and  the  steel  shell.    The  top  of  the  chimney  has  an  external 
finish  of  light  plate.    Other  examples  are  cited  in  the  footnote.' 

312.  Mechanical  (Induced)  Draft.'— This   form  of  draft  is  one  which  in-  | 
duces  a  flow  of  air  by  means  of  exhausters,  usually  centrifugal  fan-blowers.  I 
In  special  cases  steam -ejectors  are  used.     In  steam-boiler  practice  artificial  ! 
draft  is  replacing  the  common  natural  draft.      The  usual  plan  of  operating  I 
is  to  have  a  large  fan,  with  a  speed  equal  to  the  desired  velocity  of   the  ] 
gases,  to  draw  the  products  of  combustion  through  a  heat  economizer  and '] 
discharge  them  through  a  steel  chimney  of  sufficient  height  (30  to  50  ft.)  that 
they  may  be  sufficiently  dispersed  so  as  not  to  become  a  nuisance.     The  advan- 
tages claimed  for  fan-draft  are:  cheapness  of  firsl  cost  of  plant;  cheapness  of  I 
operation  in  connection  with  heat- economizer,  as  a  fan  requires  only  i  per  cent, 
of  the  power  supplied  to  the  engines  by  the  boiler;  use  of  heat  economizers  to  I 
an  extent  not  possible  with  chimneys;  brisk  fire  with  thick  fuel-bed  and  hence  I 
less  excess  air;  control  of  air-supply  and  hence  of  combustion,  and  with  fJexi-  | 
bility  permitting  increase  or  decrease  of  draft;  independence  of  the  condition  ■ 
of  weather;  use  of  low-grade  fuel;  increase  of  capacity  of  existing  plant. 

The  main  disadvantage  is  that  the  economizer  tubes  must  be  61led  with 
warm  water,  as  cold  water  inside  the  tubes  causes  condensation  of  products  of 
combustion  on  the  outside;  hence  the  gases  leave  the  tubes  at  150  to  aoo". 
C,  and  a  chimney  with  this  average  gas  temperature  shows  a  draft-power  not 
far  from  its  maximum. 

'Examples:  Sparrow's  Point,  Md,,  Iron  Age,  iSSq,  XUIT,  546;  Denver,  Colo.,  Ent-  Rtc. 
igo4,  L,  314;  Tacoma,  Wash.,  Eng.  Min.  J.,  igos.  ixxx.  631,  1076;  Christir,  Cnii.  Mag.,  1906 
xxtx,  :6;i  Stuctuml  and  Corrugated  Steel,  Barbour,  Eng.  if  in.  J.,  1913,  xciii,  30J.  Vltri- 
bcstos  lining  Eng.  Min.  J.,  igcj,  xcv,  741. 

■  Snow,  W.  B.,  Iron  Age,  Dec.  1,  i8q8,  p.  9  "  Mechanical  Draft,"  B.  F,  Slurtevant  Co.. 
Hyde  Park,  Mass.,  1S99. 

Booth,  Cess.  Mag.,  1901-01,  xxi,  130. 

Snow,  ep.  cil.,  1906,  xxix,  399. 

Cobb,  Eng.  Min.  J.,  1905,  LXXX,  676. 

Boskowitz,  Tkanind.  Z.,  1908,  xxxn,  Jtg?  with  cross- tetercnccs. 

Gnab,  SmU  u.  Eiten,  1907,  xxtx,  389. 

BrinkerhoFF,  /.  Franht.  Inst.,  1911,  Clxxi,  463. 

KtUuel,  Otit.  Zl.  Btrg.  Uuutnw.,  1909,  Lvtu,  654. 
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In  metallurgical  apparatus  artificial  draft  is  employed  with  furnaces  from 
which  fumes  are  to  be  recovered  by  dry-filtering,  as  is  the  case  with  some  lead, 
antimony  and  zinc-white  furnaces,  or  gases  to  be  washed  as  with  some  iron 
blast  furnaces,  or  with  wet-condensation  in  general.  Further,  in  the  manufac- 
ture of  sulphuric  acid  the  gases  from  roasting-kilns  are  drawn  through  dust- 
chambers  before  they  are  delivered  to  the  lead  chambers. 

313.  Blast  in  General.' — The  air-supply  furnished  a  furnace  by  natural 
draft  may  have  a  harmful  effect  upon  the  metallurgical  process  that  is  beiiig 
carried  on ;  it  may  also  be  insufficient  in  quantity.  In  either  case  blast  wiB 
correct  the  evil. 

In  a  reverberatory  furnace  worked  by  draft,  air  is  sucked  in  through  imperfectly 
closed  working  doors,  cooling  the  charge  and  having  an  oxidizing  effect  upon  it 
Reverberatory  roasters  which  require  little  heat,  but  much  air,  are  therefore 
preferably  worked  with  natural  draft.  By  closing  the  ash-pit  and  btowing  air 
underneath  the  grate,  the  pressure  of  the  gases  inside  the  furnace  becomes  greater 
than  that  outside;  this  causes  some  smoke  or  flame  to  pass  outward  through 
the  cracks  between  the  door-frames  and  the  doors,  and  prevents  air  from  enter- 
ing. Thus,  direct-fired  heating  furnaces  for  packets  of  muck-bar,  or  for  sted 
ingots  or  billets,  are  usually  worked  with  undergrate-blast.  This  so-called  forced- 
draft  or  closed  ash-pit  system  has  advantages  similar  to  those  of  induced  draft 
when  compared  with  natural  draft.  The  main  disadvantage  is  that  vigorous 
local  action  of  imevenly  distributed  blast  causes  temperatures  to  be  reached 
which  are  sufficiently  high  to  attack  the  walls  of  the  fire-chamber  and  to  cause 
the  formation  of  hard  clinkers.  This  is  corrected  in  part  by  admitting 
with  the  compressed  air  some  steam  which  keeps  the  grate  cool  and  softens 
the  clinkers.  Nevertheless,  most  copper  reverberatory  smelting-furnaces  are 
worked  with  natural  draft,  as  the  hearth  from  fire-bridge  to  flue-bridge  is  more 
evenly  heated  than  with  forced  draft ;  false  air  is  excluded  from  the  hearth  by 
carefully  luting  the  side-doors  with  clay.  In  shaft-furnaces  only  coarse-ore 
charges  can  be  worked  with  natural  draft ;  fine-ore  charges  require  blast  whether 
they  are  to  be  roasted  or  smelted. 

The  mechanism  of  most  blast-apparatus  is  similar  to  that  of  moving  liquids. 
The  modifications  in  the  details  of  construction  are  caused  by  the  differences 
in  density  and  compressibility  of  liquids  and  gases.  Thus  there  are  employed 
injectors,  exhausters,  centrifugal  fans,  rotary  pressure-blowers,  and  reciprocating 
blowing-engines.  The  older  apparatus,  such  as  bellows,  the  trompe  and  other 
hydraulic  blowing  machinery  may  be  passed  over.  Besides  the  apparatus  for 
moving  air,  the  blast-mains  with  branchings,  dampers,  gates,  etc.,  the  blast- 
equalizers  and  other  auxiliary  apparatus  will  receive  some  notice. 

Whatever  apparatus  may  be  employed  for  forcing  air  into  a  furnace,  it  is 
important  that  the  air  be  drawn  from  the  outside  of  the  furnace  or  engine- 
building  and  from  a  cool  place.  The  air-inlet  pipe  is  covered  with  a  coarse 
screen  to  prevent  solid  particles  from  being  drawn  in.^ 

*  Birkinbinc,  Cass.  Mag.,  1896-97,  xi,  109. 

'Mocller,  Air-fillcr  al  intake,  Iron  Age.,  iqoq,  LXxxrv,  1402. 
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314.  Air  Injectors  and  Exhausters. — These  apparatus  act  on  the  same  prin- J 
ciple  as  the  water- injector  (§301)  used  to  feed  a  boiler.  A  jet  of  steam  issu-l 
ing  under  pressure  from  a  contracted  nozzle  into  a  larger  pipe,  moves  the  air  ■ 
contained  in  the  latter.  Compressed  air  can  take  the  place  of  pressure-steam.  I 
Fig.  644  represents  a  longitudinal  section  through  an  older  form  of  Koerting  | 
jet-blower.  The  steam  enters  the  blower  through  a  conical  noziile  provided  i 
with  a  needle-valve;  it  then  passes  through  from  three  to  si.-c  conical  nozzles," 
which  have  increasing  areas  and  are  connected  witli  a  single  air-chamber,  draws 
in  air  through  the  ports  and  forces  it  through  the  neck  of  the  last  nozzle  into  the 
discharge-pipe.  The  latest  form  is  shown  in  Fig.  645  in  which  A  is  the  aJr- 
inlet  chamber;  D,  air-discharge;  M,  nozzle;^,  regulating  spindle;  and 5,  stei 
connection.  Table  232  is  made  up  from  data  given  in  the  catalogue  of 
Schutte  Si.  Koerting  Co.,  Philadelphia,  Pa. 


Fic.  645. — Koerting  j'ei- 
blowcr,  new  fonn. 

Air-injectors  furnish  a  large  volume  of  moist  air  at  a  low  pressure.  The 
volume  of  air  given  in  the  table  refers  to  a  steam-pressure  of  60  lb.  per  sq.  in. 
and  a  counter-pressure  of  1/2  to  2  in.  water.  If  the  air  is  to  be  heated  by  the 
pressure-steam  to  20°  C,  100  lb.  of  air  will  contain  about  1.3  lb.  water. 

These  blowers  are  especially  adapted  to  furnish  undcrgrate  blast  to  rever- 
beratory  furnaces  and  gas-producers,  as  the  initial  heat  of  the  air  is  utilized 
and  the  decomposition  of  the  water  vapor  into  Hi  and  CO  assists  in  softening 
the  clinkers.  The  efficiency  reaches  75  per  cent.  In  some  instances  jct- 
hlowers  are  used  for  furnishing  surface  blast  in  oxidizing  fusions,  such  as  cupel- 
ling lead  bullion,  and  fining  black  copper,  etc, 


764 


GENERAL  METALLURGY 


•  ti   i3   S 

-ill 


2^ 


5.S 


-Si 


CO 


O  '^  *** 


O 

n 

H 


o 

H 

W 
O 


5 


o 
.a 


c 
o 


u 


U 


« 


-  "Si  ^ 


O     Q     O     v> 

M       M       W       «0      ^ 


O    »o 


i  8  8  8 


M      VI 


M       M       M       M       M       n 


§§ 


000*^000000 
M    w    fo^o    o*«oo    ^O 

M    M    c«    to 


en 

73 

a 
0 

0 

b 

M 

Q 

«oOoov>000000 
M     fOfO^>OCO     ioO>o     ^ 

M     M     M    eo 


fO^tOO     tN.00     O     w     ^00 


QvO^QvP*     r«vOO>OONO 


ol-*  in|«  H^  "*« 


10    0 

>o   0 

r» 

v> 

to 

vO     0 

0 

Tf     0 

t>.      M 

rO 

•H 

GO 

Ov    fO 

00 

M 

>N 

w 

W 

fO  »o 

0 

H<^  '^e^ 

-^«   »^f« 

HN 

to  0 

00    0 

^4 

^4 

10   1^ 

»o 

i-t     CM     rO't'^tOvO     t^OO     M 


fO'^tOO     t>.00     O     «     ^00 


ffi3 


p 


^^ 


f >^- 


"ra-T«J 


MECBANICAL  METALLURGICAL  OPERATIONS 

A  Koerting  exhauster  or  chimney  ventilator  is  shown  in  Fig.  646.     It  fur- 
nishes a  simple  means  for  remedying  the  lack  of  draft  in  a  given  chimney,  due  \ 
perhaps  to  faulty  construction,  to  settling  of  dust  in  flues  or  other  causes.  J 
Table  233  gives  the  leading  facts. 

Table  i^. — Koektikc  ExBArsTCK 


number 

Size  of 

DUmeter 

Blast  Doizle 

stack, 
Inches 

of  steam- 
pipe 

A,  inches 

B, iachcE 

Pounds 

yi 

- 

Up  to   8 

9  to  II 

81 
I.} 

3i 
4t 

'5 

IrJMjl 

i»  to  IS 

iSi 

5i 

15 

MH'' 

■  1 

16  to  19 

i8i 

6* 

35 

Ml 

ao  to  J3 

"i 

7i 

50 

2\ 

24  to  :8 

.61 

9 

70 

S9  to  a 

it 

10 

100 

\\ 

34  to  40 

36 

19 

ISO 

41  to  50 

43 

M 

lOO 

SI  to  71 

00 

iS 

400 

s 

73  to  96 

8>1 

ts\ 

600 

315.  Fans.' — In  metallurgical  plants  there  are  in  operatio.i  two  types  <rf  , 
fans,  the  disc  and  the  centrifugal.  A  disc- 
or  propeller-fan.  Fig.  647,  has  propeller- 
shaped  blades  which  act  upon  the  principle 
of  the  inclined  plane;  the  air  moving  in  lines 
parallel  to  the  axis  enters  on  one  side  and 
leaves  by  the  other.  It  ser^'es  for  ventilating 
rooms,  for  carrjing  off  the  moisture-laden  air 
from  drying-chambers,  for  mo%'ing  the  gases 
in  condensing  plants,  etc.  It  does  eiTicicnt 
work  when  it  acts  against  slight  resistances; 
it  is  useless  when  it  has  to  blow  against  any 
pressure.  The  fan  may  be  driven  by  a  belt 
or  a  direct-connected,  dust-proof,  electric 
motor.  It  is  made  in  sizes  varying  from  18 
to  izo  in.  in  diam. ;  the  following  six  taken 
from  the  catalogue  of  the  B.  F.  Sturtcvant  Co.,  Hyde  Park,  Mass.,  may  serve 
as  examples. 


VlG.    647.- 


^Snoyi,  J.  Am.  Foundry tittn's  Aisoc,   1S97-98,  n; 
-07,  XXXI,  63. 


j;  Cais.  Wjj,,  1906,:! 


117,1906 
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Table  »34.— Stuktevant  Disc-fans 


Diameter  of 

Kevolulions  per  minute 

PuUey 

VdntDctl 

fan  in  inches 

3!S 

13s 

17s 
'65 

Maximum 

Diameter 

Face 

revolutioD. 
cubic  fat 

650 
550 

470 
400 
3SO 
330 

6 

7 
S 
8 
9 

3i      

4i          

si        1 

Si       1 

48 

60 

6* 

;:::: 

A  centrifugal  fan'  (fan-  or  pressure-blower)  is  frequently  used  with  furaacts 
requiring  a  large  volume  of  air  at  low  pressure  (<i6  oz.),   e.g.,  direct-find 
reverberatory  furnaces  with  dosed  ash-pits  and  cupola  furnaces.    Left-  and 
right-hand  tans  are  shown  in  Figs.  648  and  649.    They  consist  of  an  upri^ 
spiral-shaped  cast-iron  or  sled  cadnf 
with  central  air-inlet  on  either  side,  1   I 
single  peripheral  outlet,  and  a  central   I 
horizontal  shaft  with  blades,  vbich  ^^  j 
volves  at  a  high  speed.    The  blades  on 
the  radial  arms,  present  a  flat  suifut 
to  the  air  in  the  casing. 

Fig,  650  represents  the  fan-»h«l 
of  the  Buffalo  Forge  Co.  Five  plaws 
are  joined  at  the  edges  to  a  contbuous 
flange,  thus  forming  five  compartments, 
the  area  of  each  of  which  at  the  cir- 
cumference is  equal  to  the  area  of  the 
opening  in  the  center.  The  air  is 
given  a  centrifugal  motion  by  the 
rapidly  revolving  fan-wheel  and  d^ 
livered  from  the  tips  of  the  blades 
to  the  tangential  outlet.  The  vacuum 
inrush  of  fresh  air. 
Exhausters,  constructed  on  the  same  general  principles,  have  but  a  sin^ 
inlet  on  the  opposite  side  of  the  pulley,  and  are  provided  with  a  collar  to  receive 
the  suction-pipe. 

A  pressure-blower  may  be  driven  by  one  or  two  belts,  by  a  direct-connected 

electric  motor,  or  by  a  steam  turbine.     For  high  speeds,  i.e.,  high  pressures,  the 

belt  drive  used  to  be  the  only  suitable  means  of  transmitting  power,  and  with 

this  it  is  necessary  to  have  a  counter-shaft  in  order  to  obviate  the  useof  M 

'  liucble,  Pric.  Iml.  Mcch.  Ens-,  1847,  p.  3. 


created  in  the  center  is  filled  by  the 
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a-lnonnaUy  large  pulley  on  the  engine-  or  line-shaft.  Smaller  sizes  have  one, 
larger  mes  two  pulleys.  In  recent  years  the  steam  turbine  direct-connected 
lus  replaced  the  belt-transmission  in  many  instances.     For  medium  pressures, 


Fic.  649. — Right-hand  centrifugd  tan. 


the  belt  can  be  run  direct-connected  with  the  pulley  of  the  engine-shaft.  A 
direct-connected  electric  motor  has  taken  the  place  of  the  former  high-speed 
engine;  however,  the  General  Electric  Co.,  Schenectady,  N.  Y.,'  has  on  the 
market  a  direct-connected  machine  which  running 
at  a  speed  of  3^450  r.p.m.,  furnishes  10,300  cu.  ft. 
of  air  per  min.  at  a  pressure  of  3  1/4  lb. 

The  relatbn*  that  exists  between  the  revolu- 
tions of  a  fan,  the  volume  of  air  discharged,  the 
pressure  created,  and  the  horse-power  required  is 
ihown  in  Fig.  651.  The  curves  are  based  upon 
three  facts,  that  the  volume  varies  directly  as  the 
speed,  the  pressure  as  the  square,  and  the  horse- 
power as  the  cube  of  the  speed.  They  show  that 
the  fan  has  to  be  proportioned  for  the  work  that  it 
is  to  do,  and  that  speeding  it  up  to  obtain  either 
greater   volume    or    greater    pressure    causes    a 

tremendous  increase  in  the  consumption  of  power.     A  fan  to  show  high  n 
chanical  efficiency  (about  40  per  cent.)  ought  to  be  driven  up  to  its 

'  Iron  Age,  T90S,  ixxxil,  1440. 

*  Snow,  "Mechanical  Draft,"  p.  303. 


Fio.  650 


— Fan-wheel  of 
ifugal  fan. 
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capacity.  With  a  given  pressure,  which  means  a  certain  peripheral  speed,  if 
great  quantities  of  air  are  required,  it  is  advisable  to  use  several  narrow  fans 
instead  of  one  wide  fan.  This  arrangement  makes  it  possible  to  meet  condi- 
tions in  which  variations  in  quantity  of  blast  arise,  and  maintain  at  the  same 
time  a  high  efficiency.  When  several  fans  of  different  size  and  speed  are  in 
operation,  a  higher  efficiency  is  obtained,  if  the  blast  of  each  is  conducted  sepa- 
rately to  the  furnace  where  it  is  to  be  used,  than  if  they  all  deliver  into  a  single 
main  with  branches.  The  experiments  of  Howe^  have  shown  that  for  a  given 
speed  of  fan,  any  diminution  in  the  size  of  the  blast-orifice  decreases  the  con- 
sumption of  power  and  at  the  same  time  raises  the  pressure  of  the  blast,  but 
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Fig.  651. — Revolutions  and  power  of  fan,  volume  and  pressure  of  blast. 

increases  the  consumption  of  power  per  unit  of  orifice  for  a  given  pressure  of 
blast.  When  the  orifice  has  been  reduced  to  the  maximum  normal  size  for  any 
given  fan,  further  diminishing  it  causes  but  slight  elevation  of  the  blast- 
pressure.  And  when  the  orifice  becomes  comparatively  small,  further  dimin- 
ishing it  causes  no  sensible  elevation  of  the  blast-pressure,  which  remains 
practically  constant,  even  when  the  orifice  is  entirely  closed. 

Table  235  gives  the  leading  dimensions  and  the  work  of  some  of  the  Mono- 
gram blowers  of  the  B.  F.  Sturtevant  Co.  as  applied  to  boilers;  it  is  based  upon 
the  operation  of  the  blower  at  i  1/2-oz.  pressure  at  the  fan-outlet,  and  a  com- 
bustion rate  of  15  lb.  of  coal  per  hr.  per  sq.  ft.  of  grate  area. 


^Tr,A,  /.  M,  £.,  1882,  X,  489. 
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Table  235.— SiURTCVANr  Fan-b 


Area 
of 

RevoIuUoD3 
per  minute 

of  blower 

No. 

grate 

1^^^ 

A 

D 

E 
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G 

H 

N 

0 

p 

Q 

square 
feet 

produce  the 
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■'J^^Jft 

~ 

pressure 

5^^^^^ 
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5l 

7l 

9 

loirol 

81 

4) 

61 

10 

4l 

6 
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i?fe/1 
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7i 

9i 
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7i 
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9i 
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24    26    28 

22 

'3l 

■4iJji 
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SO 

893 

8 

■8i|a3i 

i^^,l9l■3ii 

^5ll>61 

17J28 

'3i 

70 

780 

MI26 

3'i,33    37 

28ii,9 

.9):3i  l.sl 

no 
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Tables  336  and  237  give  similar  data  about  the  BnfTato  steel  pressure- 
blowers  as  applied  to  cupola  work. 

Turbo-blowers'  are  multi-stage  High-pressure  fan-blowers  constructed  on 
the  same  principle  as  compound  turbine  pumps  (§399).  From  four  to  six  centrif- 
ugal pressure-blowers  on  a  single  shaft  are  connected  in  series;  the  discharge 
from  one  fan-wheel  forms  the  feed  of  the  next  following.  This  arrangement 
has  opened  the  field  for  fan-blowers  so  far  occupied  by  blowing  engines.  It 
permits  the  use  of  direct-connected  electric  motors,  as  the  usual  standard 
speed  for  medium  pressure-blowers  need  not  be  exceeded.  The  first  experiments 
with  turbo-blowers  were  conducted  in  1900  by  Rateau.  In  1908  there  were 
in  operation  30  turbo-blowers  furnishing  blast  to  foundry-cupolas,  copper  and 
iron  blast-furnaces.  The  ma.ximum  air  capacity  was  42,000  cu.  ft.  per  min.; 
the  greatest  pressure,  18  lb.  per  sq.  in.,  the  shaft  making  4,000  r.p.m.  At  the 
Mt.  Lyell  Mining  Co.'s  plant,  Tasmania,  a  blower  driven  by  a  steam  turbine 
furnishes  18,000  cu,  ft,  air  per  min.  at  a  pressure  of  5  lb.  per  sq.  in.  to  a  copper 
blast-furnace,  the  shaft  making  4,000  r.p.m.  The  iron  blast-furnace  of  the 
Gute  Hoffnungs  works  has  a  4-stage  blower  driven  by  an  electric  motor, 
which  furnishes  35,700  cu.  ft.  of  air  per  min.,  at  a  pressure  of  10  lb.  per  sq.  in., 
the  shaft  making  1,500  r.p.m.  The  General  Electric  Co.,  Schenectady,  N.  V,, 
has  in  the  market  a  turbo-blower  delivering  3,000  cu.  ft.  of  air  per  min.  at  15  lb. 
pressure,  when  the  machine  is  running  at  3,750  r.p.m. 

■Rateau,  Rfv.  M<!t.,  1907,  tv,  751 ;  S««.  Aitc. /nJ.  ifin.,  1908,  IX,  569;  Sct.  t/m>.,  1908, 
""'^i  '37!  Parsons,  Iron  Agi,  1907,  xc,  485;  Buffalo  Two-stage  Blowers, /f on  Age,  1907, 
uoax.ig;  190S,  Lxxxl,  165$;  Slahl u.Eiitn,  iqo&,  xxvm,  73  (Langet),  1720  (Rcgcnbogen.  nUo 
Iron  Aft,  1909,  Utxxni,  1846);  1909,  xxix,  493  (Navillc).  544  (Scherbiua);  RLce,  Iron  Agr, 
igil,  LXXXVit,  538;  Iron  Trade  Rev.,  1911,  XLvm,  459;  Zut  Nedden,  Eng.  if  a;.,  1911,  xliii, 
5S7,  699',  Johnson,  Mc>.  Chtm.  Ent.,  1911,  ix,  393. 
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Table  136. — Buffalo  Stzel  Pbzssuxe-bloweks 


= 

B 

c 

D 

E 

F 

J 

K 

L 

U 

JhJk, 

in 

-ri- 

[ly 

Mi 

5t 

S 

■  ti 

■  o» 

.Jl 

to 

S 

■  sl 

4  ) 

fs- 

-cA 

111 

^1 

si 

I4i 

12 

Ml 

■  i( 

4I 

ul 

4l        S 

*V 

14 

7i 

6i 

.sl 

...1 

,61 

J,1 

Si 

s?! 

4l        ll 

_Jf 

%f 

Mi 
'7 

"4 

7l 

8! 

.61 
10 

17 

■9t 

161 

61 

33* 
40 

S  4l 
a        4l 

3 

9 

■9l 

It) 

'° 

i% 

«si 

as 

19 

io| 

4« 
4ll 

7  I 
s        Si 

11 

>7) 

^S 

14* 

3H 

.101 

J6| 

30 

11 

sol 

11    ■    <l 

11* 

30 

18 

i6i 

.1.1 

,« 

4il 

.14 

■l( 

S3 

10          1 

IS 

30 

j8 

IS 

" 

3l> 

4,1 

34 

1.1 

S3 

10      1    i 

Table  337. — Speeds  and  CAPAaiiES  for  Cupola  Sebvicb 
(Buffalo  Steel  Pressure-blower) 


Number 
ot  blower 

Inside 
diameter 
of  cupola 

!-- 

per  minute 

Melting 

capacity  in 

pounds  pet 

hour 

Cubical  of 

aitrequiitd 
permiriule 

4 
S 

6 

8 
9 

iS 
»3 
27 
32 
37 

48 
60 
70 
84 

8 

4.733 
4,309 
3,660 

37'44 
3,948 
^785 
».'9S 
1,953 
1,647 
1,6.5 

1.S4S 

3,331 

3,093 

4,a:8 
7,500 

14.000 

33, 000 
30.000 

40,000 

666 

773 
9SI 
1,486 

3.000 

4,500 
6,S«' 
8,S« 
10.000 

5 
6 
7 
8 
9 

18 
»3 
'7 

37 

48 
60 

JO 

84 

5,030 
4,736 
4,toS 
3,64i 
3,310 
3,360 
»,413 
i,ll6 
1,797 
1,775 

1.647 
1,600 
3.671 

S,ooo 

8,800 

1J,000 

17,000 

3S,ooo 
4S,ooo 

7>7 
867 
1,067 
1,668 
3,46« 

S,ow 
8,000 

10,000 
11,000 
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316.  Rotaiy  Blowers. — Two  similar  or  dissimilar  impellers  attached  to 
parallel  shafts  revolve  in  opposite  directions  in  a  casing  having  an  air-inlet  and 
outlet.  The  revolving  bodies  being  in  tangential  contact  with  one  another  and 
with  the  casing,  draw  in  with  every  revolution  a  given  volume  of  air  on  one  side 
of  the  casing  and  discharge  it  by  displacement  on  the  other  into  a  blast-pipe. 
In  a  rotary  blower,  i.e.,  a  positive  displacement -machine,  the  amount  of  air  sup- 
plied and  the  horse-power  required  are  profwrtional  to  the  speed  and  pressure 
under  which  it  works.  A  blower  is  run  to  make  from  95  to  270  r.p.m,;  the 
rapid  movement  of  the  impellers  overcomes  the  small  fluctuations  due  to 
leakage  and  slip,  and  gives  a  practically  continuous  air-blast.  The  volume  of 
air  furnished  is  large,  and  the  pressure  attained  reaches  3  lb.  per  sq.  in.  For 
higher  pressures  blowing  engines  are  necessary.'  The  power'  required  is 
assumed  to  be  5  h.p.  for  every  r.ooo  cu.  ft.  free  air  discharged  at  i  lb.  pressure; 
the  mechanical  efficiency  is  about  45  per  cent.,'  and  the  discharge  efficiency 


Sidc-clevBlion, 
Fics,  652  and  653. — Roots  blower. 

about  75  per  cent.  The  cost  of  the  apparatus  is  about  1/6  that  of  a  blowing 
engine;  it  has  become  the  leading  blowing  machine  for  lead,  copper  and  similar 
medium-pressure  blast-furnaces,  and  furnishes  blast  to  foundry  cupolas,* 

The  leading  forms  of  rotary  pressure-blowers  are  the  Roots,  Cycloid,  Baker 
and  Sturtevant. 

The  Roots  blower*  came  into  use  in  1866."  A  side-elevation  of  a  single- 
geared  direct-driven  machine  with  top-discharge  and  double-acting  blast -gate 
is  given  in  Fig.  652;  a  cross-section  in  Fig.  653,  and  a  perspective  view  of  the 
impeller  in  Fig.  654.  The  outlines  of  the  impellers  form  epicycloidal  curves. 
The  impellers  are  so  constructed  as  to  revolve  as  closely  as  possible  to  each  other 

'  DJKUSsions  of  blowers  and  blowing  engines,  MiH.  Ind.,  i(toi,  %,  433. 

*  Field,  Foundry,  1904,  xxv,  119. 

Snow,  op.  cit.,  1907,  XXI,  181;  Iron  Age,  1907,  lxxxi,  ii. 
■Ledebur,    A,,   "Die    Bcarbciluog    dei    Metalle    auf    Mechanitcbcm   Wcgc,"    Vicwcg, 
Bmniwick,  iSyg,  p.  Si. 

*  Caldwdl,  /.  Am.  Foundrymen'i  Ann.,  iSqS,  iv,  ioo. 
»  Oeraen,  StM  u.  Risen,  1904,  xxiv,  888. 

Rice,  Eng.  Min.  J.,  1909,  ucxwir,  jjj. 
AiMtin,  iiin,  Sc.  Press,  1909.  xax,  431. 

*  Editor,  Bngineerini,  1867,  m,  614;  iv,  508. 
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and  to  the  casing  without  touching  at  any  point;  some  volumetric ddencyii 
sacrificed  in  order  to  simplify  the  adjustment  and  to  give  latitude  for  v 
As  the  impellers  are  always  in  clearance  contact  with  one  anotlm  md  Ut  ^ 
casing,  they  form  enclosed  spaces  bordered  by  the  lobes  and  the  a^  ij 
the  rotation  of  the  lobes  in  opposite  directions  these  spaces  change  tbdr  It- 
cations.  At  every  revolution  a  certain  volume  of  air  is  drawn  frombdiwisti 
the  casing,  enclosed  between  the  lobes  and  the  casing,  and  then  disdaipl 
above.     Fig.  652  represents  a  single-geared  blower  driven  direct  from  1  Coriii 


Fig.  654. — Impeller  Roots  blower. 

engine;  this  type  is  often  driven  from  an  electric  motor  by  means  of  a  bdt 
Double-geared  blowers  have  the  advantage  that  only  part  of  the  load  bua*- 
mitted  through  the  gears;  they  have  been  successful  only  with  electric  nrtcn 
which  respond  quickly  to  any  changes  in  the  load  and  divide  it  so  as  to  keep  tie 
tension  on  the  belts  equal.  The  successful  operation  of  a  blower  dependshi^ 
upon  keeping  the  shafts  of  the  impellers  in  correct  alignment.  Table  jjBgiw 
the  chief  data  in  regard  to  the  common  sizes  of  the  machine. 

Table  ij8. — Roots  Positive  Pressure  Blowers 


H.p._^pc., ...... 

Di*- 

Pul 

., 

»^ 

J 

minute 

J.5  lb.  pf«sare 

inches 

Dimm..     P«™,  -  Lenglh  by  width     WfllM. 

inches     inchn  by  height,  inctact     pMi* 

no 

41 

,^ 

3' 

97lX4liX:ut'       J.- 

36 

1111x49  X.»l         «.S" 

ll*IXS4jXS4l 

'*"' 

Bo 

jj 

M 

140IXJ9    Xil 

■  sq|x6i1x«i1 

\iZ 

1681X73    XSSI 

84 

IS5    X791X61 

)tjw» 

!" 

lit 

10 

106 

I  JO 

»olX<«.X77i 

<0.<H 

9S 

4> 

1.6 

IJM- 

■ 

The  Connersville  Blower. — ^This  machine  which  has  found  much  ftro 
among  smelter  men  is  similar  to  the  Roots;  it  differs  from  it  in  details  sudiK 
journals,  bearings,  gears,  etc.  The  Tables  239  and  240  give  the  chief  data  i" 
regard  to  the  blowers  used  in  blast-furnaces  and  cupolas. 
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Tabt.f. 

239. — CONNERSVILLE  SHELTER  BLOWERS 

Displacement 

Rev.  per. 
min. 

Discharge 
diam.,  in. 

Pulley 

Machine,  length 

by  width  by 

height,  in. 

Power 

per  rev.,    cu. 
ft.  air 

Diam.,  in. 

Face,  in. 

13 

250 

14 

42 

7 

99iX45JX39 

5  h.p.  per 

17 

225 

16 

42 

8 

117  X48  X41 

1,000  cu. 

24 

200 

18 

48 

10 

123  X54§X44 

ft.  dis- 

33 

190 

20 

60 

12 

147  X60  X49i 

place- 

45 

180 

20 

66 

14 

i6o}X65jX55 

ment 

57 

170 

24 

72 

16 

i7oiX7olX59 

per  mm. 

65 

160 

24 

84 

16 

181   X76  X63 

at  I  lb. 

84 

150 

27 

84 

20 

192  X81JX67 

pressure. 

100 

140 

30 

96 

20 

2ioJX87iX7o 

118 

130 

30 

120 

20 

2i3iX94  X76 

Table  240. — Connersville  Cupola  Blowers 


Dis- 
place- 

Diam., 
cupola, 
inches 

Dis- 
charge 
diam., 
inches 

Pulley 

Machine, 
length  by  width 
by  height,  inches 

ment 

per 

rev.,  cu. 

ft.  per 

minute 

Tons  pig  iron  melted  per 
hour  at  rev.  per  min. 

Diam., 
inches 

Pace, 
inches 

6 

7 

8 
10 
10 
12 

14 
14 
16 

Power 

lA 

18— ao 

a4-27 
28-32 
32-38 
32-40 
36-45 

42-54 
48-60 
54-66 
60-72 
66-84 
72-90 
84-96 
60-66 > 

\  at  200 
X  at  175 
a  at  185 
4  at  200 

4  at  1 50 

5  at  xso 
Sat  166 

10  at  150 
12  at  135 
15  at  130 
18  at  140 

21  at  125 
24  at  120 
27  at  115 

X  at  400 

a  at  335 

3  at  275 

5  at  250 

5  at  190 

6|  at  205 

10  at  aoo 

12  at  180 

15  at  165 

18  at  155 

ax  at  160 

a4at  145 

a7at  135 

30  at  130 

6 

8 

10 

xa 

14 
x6 
x8 
ao 
ao 

24 

a4 

30 
30 

ao 

24 
27 
30 
34 
36 
42 
42 
48 

54 
60 
66 

72 
72 

49iXi6  X20i 
57   X18   y,2sk 
651X24  Xa9 
76lXa8  X34 
99|X45jX39 
1x7   X48  X41 
133   XS4JX44 
147   X60   X49| 
l6oJX6sJXSS 
I70|X70|XS9 
l8x    X76  X63 
19a   X8iiX67 
2io»X87jX70 
ai3lX94   X76 

i'l 

6 

10 

5  h.p.  per 

13 
17 
24 
33 
45 
57 
65 
84 
100 
118 

6*  at  a75 
8i  at  aso 
xa  at  340 
14  at  aio 
18  at  aoo 
ai  at  X85 
34  at  X85 
27  at  x6o 
30  at  160 
33  at  140 

x.ooo  cu. 
ft.  dis- 
place- 
ment per 
minute 
at  I  lb. 
pressure. 

1  Two  cupolas. 


The  Baker  Blower,  20  years  ago,  was  the  principal  machine  for  supplying 
copper  and  lead  blast-furnaces  with  air;  it  has  been  replaced  to  a  considerable 
extent  by  the  Roots  and  Connersville  machines.  Fig.  655  a  and  b  give  a  per- 
spective view  and  a  cross-section.  The  cast-iron  casing,  with  air-inlet  at  the 
bottom  and  -outlet  at  the  side,  has  three  revolving  drums;  the  shaft  of  the  upper 
drum  carries  at  one  end  the  driving-pulley  and  at  the  other  a  spur-gear  which 
meshes  with  the  smaller  gears  of  the  lower  drums  and  causes  these  to  revolve 
twice  as  fast.    The  upper  drum  has  two  arms,  which  draw  in  air  at  the  lower 
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right  hand  and  deliver  it  to  the  outlet  at  the  left.  Each  of  the  lower  dnuwhu 
a  slot  for  the  passage  of  these  arms  and  acts  as  a  valve  to  prevent  aii  from 
escaping  or  returning.  However,  as  soon  as  the  upper  arm  passes  the  iippa 
edge  of  the  outlet,  the  compressed  air  in  the  latter  fills  the  upper  part  of  tto' 
casing  and  the  drum  near  the  outlet.  This  decreases  the  effidency  of  tbt 
machine. 


I 


Fics.  655a  and  655b. — Baker  positive  pressure  blower 
Table  i^i. — Baker  Positive  Pressure-blow  ess  ' 


Minimum    Maximum 
speed  speed 


nrc- 

discharge 
pipe 

pulley 

Weight, 
pounds 

p««t 

3 

IIX     2l 

3SO 

s 

30X    4 

750 

I 

6 

MX  6 

7! 

30X  6 

1.700 

4) 

81 

36X   6 

J.'SO 

;1 

■ij 

40X   7 

3,000 

9\ 

fj 

48X   7 

3.700 

wl 

'5 

S4X   7l 

S,ooo 

"5 

'7 

60X   7I 

6,3SO 

1; 

21 

GiXii 

9.700 

JS 

14 

71X13 

iJ,8oo 

}i 

H 

72Xt5 

iSooo 

3' 

The  Sturtcvaiit  impeller  blower'  is  a  complicated  machine  and  is  representtd 
ill  Figs.  656  to  662.  Fig.  656  shows  the  cast-iron  shell,  coasting  of  two  pu- 
tially  intersecting  cylinders,  to  be  closed  at  the  ends  by  four  cover-plates  wiiieh 
carry  the  lower  journal-boxes  of  the  two  revolving  shafts.    The  lower  shaft  is 

■  Tliis  blower  is  alsn  sometimes  connected  to  an  engine  direct,  and  mounted  on  SUM 
bed-plule. 

'  Eng.  Min.  J .,  1906,  L\xxi,  365. 


Fig.  6sf). — Sturlevnnt  impeller  blower,  perspective  view. 
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connected  with  the  power  and  drives  the  upper  shaft  by  gearing,  both  making 
the  same  r.p.m.  The  tigure  gives  the  air-outlet,  opposite  which  is  the  inlet,  j 
In  Fig.  657,  the  lower 
cylinder  of  the  casing  con- 
tains the  impeller  (a  cen- 
tral web  keyed  to  the  steel 
driving-shaft  carr>'ing 
three  diamond- shaped 
bars)  and  the  fixed  core, 
G,  Figs,  658,  659  and  G6j, 
which  forms  part  of  the 
cover;  the  upper  cylinder 
holds  the  idler  {three  hol- 
low vanes  cast  in  one  piece 
■  with  shaft). 

The  operation,  Figs.  659-662,  is  as  follows:  In  Fig.  659,  the  entering  air  filla 
chambers  X  and  D,  while  chambers  E  and 
Z  are  discharging  into  the  delivery-pipe; 
just  before  reaching  this  position,  the  pres- 
sure of  the  air  held  in  the  pocket,  V,  has 
been  released  through  the  leakage-passage, 
i\  (see  below).  After  the  impeller  and 
idler  have  passed  from  positions  held  in 
Fig.  659  to  those  of  Fig.  660,  air  enters  F; 
chamber  X  is  shut  oft  from  the  inlet  and 
placed  in  communication  with  A';  chamber 
D  is  also  cut  off  from  the  inlet  and  bordered 
by  blades  A  and  B;  chambers  E  and  Z 
1  connection  with  the  delivery- 
pipe  and  increase  the  pressure  in  V  through 
leakage-passage  O.  In  position,  Fig.  661, 
the  principal  change  is  that  £  alone  is  dis- 
charging, while  pocket  Z  fdled  with  pressure-air  gives  up  part  of  this  through 
leakage-passages  N  and  O  to  pockets  A' 
and  r.  When  the  fourth  position.  Fig, 
66j,  has  been  reached,  pockets F  and  2  will 
be  filling,  E  and  Y  discharging,  and  some  ' 
compressed  air  flowing  through  leakage- 
passage  M  into  pocket  D.  Upon  leaving 
position  4,  the  impeller  and  idler  quickly 
reach  positions  similar  to  those  shown  in 
Fig-  659.  Clearance  to  the  amount  of  1/8 
in.  with  small,  and  of  i/i  to  3/4  in.  with 
large  blowers  Is  given  the  moving  parts  and  the  casing.  Table  241  gives 
some  of  the  leading  data. 


Fio.  657. — StuTtevant  impeller  blower 
casing,  with  ends  and  fixnl  central  c 
removed. 


Fig.  6s8. — Slurtevant  impeller  blower 
fijtcd  cenlral  core  and  end-plaie  of  lowet 
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Figs.  659  to  66j.^ — Sturtevant  impellet  blower,  action  of  blower. 
Table  341. — Stuhtevant  Iupeller  Blowers 


Capacity, 
cu.  ft.  per 
minute. 


Pulley 

Pulley 

PuUty 

Inlet  and 

)  lb.  press 

3  lb.  press 

5  lb,  prca 

R.p.m. 

discharge, 
inside  diam. 



1 

inches 

Diain.,i  Face. 

Diam.. 

Face, 

DUm..   Fi 

inches 

inches 

inches 

inches 

inches    Iiu 

350-565 

6 

12 

3 

12 

5 

,j 

300-475 

g 

18 

3 

18    !     s. 

iS 

IQO-41S 

10 

10 

5 

30 

20        1 

=80-410 

10 

14 

6 

24 

u       ' 

365-375 

i: 

24 

S 

34 

»4     1     ' 

3S<>-350 

16 

3^ 

8 

33 

ja       I 

260-330 

16 

36 

8 

36 

36    1   ' 

210-310 

20 

44 

10 

44 

190-250 

34 

60 

lO 

60 

»S 

60    1    »■ 

.9^2.0 

30 

66 

ti 

66 

iS 

66        ' 
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(lied  to  furnishing  blast  for  cupolas,  Table  243  gives  some  information, 
s  in  the  third  column  are  based  upon  the  assumption  of  30,000  cu.  ft. 
Lg  required  per  ton  of  pig  iron  per  hr. 


Table  243. — Sturtevant  Impeller  Blowers  in  Cupola  Work 


ron 

r 

Usual  inside  diam- 
eter of  cupola  for 
the  work,  inches 

Cubic  feet  of  air 
per  minute 

Number  of 
blower 

Revolutions 
per  minute 

23 

500 

4 

450 

27 

1,000 

5 

430 

30 

1,500 

6 

380 

32 

2,000 

7 

350 

36 

2,500 

8 

280 

39 

3,000 

8 

330 

42 

3,500 

9 

260 

45 

4,000 

9 

290 

48 

4,500 

9 

330 

54 

5,000 

10 

270 

54 

5,500 

10 

300 

60 

6,000 

10 

325 

60 

6,500 

II 

230 

60 

7,000 

II 

250 

66 

7,500 

II 

270 

66 

8,000 

II 

290 

66 

8,500 

II 

305 

72 

9,000 

12 

200 

72 

9,500 

12 

215 

72 

10,000 

12 

225 

78 

10,500 

12 

23s 

78 

11,000 

12 

245 

78 

11,500 

12 

255 

84 

12,000 

13 

200 

84 

12,500 

13 

210 

84 

13,000 

13 

215 

90 

14,000 

13 

235 

90 

15,000 

13 

250 

(lowing  Engines.^ — Of  the  various  types  of  blowing  engines, only  the 

History,  Stakl  u.  Risen,  191 1,  xxxi,  173,  348,  429. 

1,  Am.  Inst.  Mech.  Eng.,  1891,  xii,  676. 

Siakl  u.  Eisen,  1891,  xi,  98. 

dy,  Tr,  A.  I.  M.  £.,  1893,  xxii,  709. 

J,  OesL  Jakrb.f  1899,  xlii,  177. 
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Fig.  663.  —Operation  of  double- 
acting  piston  blowing  engine. 


double-acting  piston-blowers  are  in  use  at  present.  They  serve  {or  {umishing 
large  volumes  of  air  at  high  pressures  to  iron  blast-furnace,  steel  and  matte 
converters.  In  an  iron  blast-furnace  from  5  to  6  tons  of  air  are  necessary  lor 
I  ton  of  pig  iron;  a  coke  furnace  may  produce  500  tons  of  pig  iron  in  24  hr.; or 
from  60  to  65  cu.  ft.  air  will  burn  i  lb.  coke,  and  on  the  average  i  ton  coke  » 
required  for  i  ton  pig;  the  blast-pressure  in  a  coke-furnace,  usually  from  12  to 
16  lb.*  may  have  to  be  raised  to  30  lb.  The  engine  has  to  work  constantly  under 
irregular  strains  with  little  time  for  examination  and  repair;  it  therefore  must 
}y\  built  strongly.     In  a  Bessemer  converter,  which  works  intermittently,  the 

volume  of  air  is  much  smaller  than  in  a  blast- 
furnace, but  the  pressure  is  higher,  viz.,  25  to  30 
lb.  per  sq.  in.  In  a  matte  converter  one  has  to 
deal  with  smaller  units  than  in  a  steel  converter. 

The  operation  of  a  double-acting-pistOD  blow- 
ing engine  is  shown  diagrammatically  in  Fig.  663. 
In  the  cylinder  C,  provided  with]  air-inlet  valves 
5,  5'  and  outlet  valves  DD',  the  solid  piston,  Jf, 
is  actuated  by  an  engine  and  receives  a  reciprocat- 
ing motion.  With  the  stroke  in  the  direction  of 
the  arrow,  outside  air  is  drawn  in  through  S'  and 
compressed  air  expelled  through  S  into  branch  M  and  main  W;  upon  revers- 
ing the  stroke,  S  and  D'  are  opened,  while  5'  and  D  are  dosed  The 
cylinder  is  double-acting,  as  at  every  stroke  outside  air  is  drawn  in  and 
compressed  air  forced  out.  As  the  speed  of  the  piston  is  greatest  at  the 
center  of  the  cylinder  and  zero  at  the  ends,  the  blast  is  not  uniform  like  that 
delivered  by  a  fan  or  a  rotary  blower,  and  the  pulsations  have  to  be  equalized. 
This  is  done  with  blast-furnace  work  by  compound  engines  or  by  having  large 
receivers  (equalizers,  regulators);  hot-blast  stoves  of  ten  fulfill  thepiuposc;and 
for  converting  work  accumulators  are  often  used.  Blowing  engines  have  been 
driven  until  recently  by  steam-engines,  water-power  being  used  only  occasion- 
ally. At  present  gas-engines  driven  by  washed  iron  blast-furnace  gases  ha\'e 
replaced  many  steam-engines.  This  innovation  was  started  in  Europe,  and  in 
this  country  the  Lackawanna  Steel  Co.  of  Buffalo,  N.  Y.,  was  the  pioneer.^ 

I.  Parts  of  the  Blowing  Engine. — The  leading  parts  of  a  blowing  engine  arc 
the  cylinder,  the  piston  and  the  valves.  The  cylinder,  or  tub,  was  formerly 
made  of  cast-iron,  but  in  most  engines  this  is  now  replaced  by  cast  steel.  The 
cylinder  is  built  without  any  provision  for  reducing  the  rise  of  temperature  of 
the  air,  due  to  the  partial  conversion  into  heat  of  the  work  done  in  compression. 

Snyder,  Proc.  Eng.  Soc.  West,  Pa.^  1900,  xvi,  190. 

Hilgenstock,  Stahl  u.  Eiscn^  1902,  xxii,  203. 

Roberts,  Proc.  Engl.  Inst.  Mcch.  Eng.,  1906,  p.  375;  Iron  Age,  1906,  Lxxviii.  1082. 

Hauer,  J.,  Rittcr  von,  "Die  Huttenwesen-Maschinen,  Felix,  Leipsic,  1876;  supplement, 


1887. 


Ihcring,  A.  von,  "Die  Geblase,"  Springer,  Berlin,  1913. 

Dtisseldorf  Mining  and  Metallurgical  Exposition,  Stahl  u.  Eisen,  1910,  xxx,  1043. 
*  Iron  Age,  Jan.  7,  1904,  p.  49. 


tn  the  heads  a 


^  the  openings  for  the  valves,  the  inlet-valves  occupy  from  i/^J 

to  1/5  of  the  surface,  the  outlet-valves  from  1/6  to  i/io.     The  lengt 

cylinder  must  be  equal  to  the  length  of  stroke  and  thickness  of  piston  plus  the  1 

clearances  at  the  ends,  i.e.,  the 

distances,  a  and  a',  Fig.  663,  be- 
tween the  piston  and  the  heads  of 

the  cylinder  when  the  former  is  at 

the  end  of  a  stroke.     This  space, 

while  necessary  to  prevent  shocks, 

is  made  as  small  as  possible,  and 

usually  does  not  exceed  5  per  cent, 

of   the  volume  of   the  cylinder. 

The  diameter  varies  with  the  in- 
tended capacity.  With  iron  blast- 
furnace engines,  the  length  of  the     p,(-  664.- 

air-cylinder  ranges  from  36  to  60 

in.,  and  the  diameter  from  66  to 

go+  in,;  common  combinations  are  36X66,  48X66,  48X72,  48X84,  58X84, 

60X84,  66XS4,  60X90  in.,  etc.     With  steel  converter  blowing  engines  the 
length  of  the  cylinder  is    similar    to    that  of 
blast-furnace    engines,    but    the    diameter    is 
I  smaller,  e.g.,   48X54,   60X54,  48X58,   60X58 
'  in.,  etc. 

The  piston.  Fig,  664,  consists  essentially  of 
three  parts,  the  solid  rod,  a,  the  hollow  head,  6, 

which  are  of  steel,  and  the  packing,  c,  which  may  be  of  wood,  leather,  hemp 

or  metal  (brass,  steel).     The  piston-speed  is  governed  to  a 

the  character  of  the  air-valves;  with  automatic 

valves  it  is  usually  given  as  400  ft.  per  min., 

which  presupposes  the  engine  to  make  30-40 

r.p.m.;  with  mechanical  (ijositive)  valves  the 

number  of  revolutions  has  been  doubled. 

The  valves'  used  are  of  two  kinds;  auto-] 

matic  and  mechanical.    The  automatic,  or  selt-j 

acting  valve,  is  one  which  is  operated  by  thoi 

flow  of  air;  it  is  the  older,  is  simple  and  cheap, i 

but  is  likely  to  leak  air.    One  form  is  that  ot[" 

the  flap-  or  clack-valve.  Fig.  665,  a  piece  of] 

leather  backed  by  iron  and  hinged  on  one  side; 

•nother,  that  of  the  straight-lift  valve,*  Fig.  664, 

also  of  leather  or  vulcanized  rubber  and  backed  by  iron,  which  rises  from 

'StaM  u.  Eistn.  :R97,  x\ii,  941  (H6rb[gcr);  1066  (Daelen);  i8g8,  xvni,  11  (HOrbigcr)-, 
IQ08,  xxvin,  s'8  (KiMBclbath);  Tr.  Am.  Inst.  Meek.  Eng.,  1899,  xx,  967;  trim  Age,  July  13, 
tftgi),  p.  Q  (Gordon). 

*  Gordon,  Tr.  Am.  Inil.  Mrch.  Eng.,  1891.  xn,  676. 


Fio,  665. — Flap-  or  clack-vdve. 


a  certain  extent  by 


F:c.  666.— Poppet-valve, 
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its  seat.     The  outiet-vaive  is  usually  heavier  than  the  inlet-valve,  and  ottoi 
of  steel. 

These  valves  have  been  replaced  in  part  by  others  held  in  their  seats  by 
springs,  as  e.g.,  the  poppet-valve,'  Fig.  666;  this  is  opened  by  the  pressureof 
the  air  and  closed  quickly  by  the  spring  upon  the  reversal  of  the  stroke.  Hk 


Fic.  667. — Rotary  valves. 

disadvantage  is  that  the  ingoing  air-current  must  overcome  the  resistance  d 
the  spring. 

Mechanical  valves  are  rotary,  or  have  the  form  of  a  piston  or  a  slide;  they 
are  controlled  by  a  mechanism  connected  with  the  steam-engine  and  can  be 
opened  and  closed  just  at  the  desired  moment.  They  permit  nmning  the  blow- 
ing engine  at  an  increased  speed  and  give  at  the  same  time  the  best  air-effidenq- 

The  rotary  valves  shown  In  Fig.  667  are  built  by  the  E.  P.  Allis  Co.,  MA- 

'Sdiwanecke,  5(iiM  u.  Eisen,  njio.xxx.fiij. 
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mukee,'  Wis,,  for  a  6oX6o-in,  air-cylinder  of  a  bessemer  blowing  engine. 
They  are  driven  from  a  wrist-plate;  the  inlet-valves  are  plain  rotary,  the 
outlet-valves  are  triple-port.  The  Gordon*  piston-valves,  two  in  each  head,  are 
ihowD  in  Fig.  668,  The  four  are  driven  from  a  single  eccentric  by  two  rock-arms ; 
tbey  are  in  balance  as  to  pressure  and  weight  of  parts  so  that  a  high  speed  of 
CDgine  is  permissible. 

The  slide-valves  of  the  Southwark  Foundry  &  Machine  Co.,  Philadelphia, 
Pa.,  are  of  the  gridiron-type.    They  have  two  forms;  the  rectangular  is  shown 


Fig.  668. — Gordon  piston-valve. 


in  Figs.  669  and  670;  the  fan-shaped'in  Figs.  671  and  673.  By  a  small  movement 
of  the  valve  an  ample  port-opening  is  obtained.  The  valves  are  lifted  from  their 
seats  the  moment  they  move,  and  rest  on  the  back  surfaces  until  the  movement 
is  completed;  they  are  then  forced  back  into  their  seats  by  the  incoming  or 
outgoing  air  as  the  case  may  be.  The  inlet-valves  are  positive  in  their  move- 
ments, being  actuated  by  a  cam;  the  outlet-valves  are  automatic, being  operated 
by  a  small  auxiliary  cylinder. 

3.  General  Arrangement  of  Blowing  Engines.— The  air-cylinders  of  all 
modern  blowing  engines  are  stationary.  As  to  the  number  of  air-cylinders, 
the  engines  are  single,  more  frequently  duplex,  sometimes  triplex;  and  as  to 
the  position  of  the  axis  they  are  either  horizontal  or  vertical.  With  steam  as 
motive  power,  the  engines  are  direct-connected  or  driven  by  a  beam.  In  most 
cases  the  axes  of  the  air-  and  steam-cylinders  are  parallel;  a  recent  innovation, 

•  Tr.A.I  M.  E..  1893,  XXII.  54*. 

'  Tr.  Am.  Soe.  Mech.  Eng.,  1S99,  xx,  967;  Iron  Ap,  July  13, 1899,  p.  g. 
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called  vertical- horizontal,  is  to  have  a  vertical  air-cylinder  crank-driven  from 
a  horizontal  steam- cylinder.  Single  engines  are  driven  by  a  single  steam-  , 
engine  or  by  a  pair  which  are  tandem-compound;  with  duple.t  engines,  the 
steam  is  usually  cross- com  pounded.  Gas-driven  engines  so  far  are  all  horizontal. 
3.  Horizontal  blowing  engines  are  always  direct-connected.  Fig.  673 
represents  a  single  direct-connected  horizontal  engine  with  flywheel,  in  which 
a  is  the  steam-cylinder;  b,  air-cylinder;  c,  blast-pipe;  d,  flywheel;  /,  broad 
guides.'  All  single  engines  have  the  disadvantage  that  when  the  steam- 
pressure  is  at  a  maximum,  the  blast- pressure  is  at  a  minimum  and  vice  vena 
This  is  shown  by  the  indicator  cards  given  in  Figs.  674  and  675.     These  dlffi- 


Fics.  6;i  ind  67!.— Fan-shaped  gridi] 


cutties  are  in  part  overcome  by  extra  heavy  flywheels;  they  are  done  away 
with  almost  wholly  by  duplex  engines  with  cranks  at  90  degrees.  Fig.  676  shows 
such  a  direct- connected  horizontal  engine  with  flywheel  having  duplex  steam- 
cylinders  and  connected  air-cylinders.*  The  indicator-cards,  Figs.  677  to  680, 
show  that  when  the  power  of  steam-cylinder  /  is  weakening,  that  of  steam- 
cylinder  //  is  strongest  and  does  the  increasing  work  of  air-cylinder  /;  in  the 
same  way  sicam-cylindcr  /  supplements  steam-cylinder  //  when  the  power  of 
the  latter  is  weakening. 

Fig.  681  represents  a  horizontal  blowing  engine  driven  by  a  two-cycle 
Oechelhaeuser  gas-engine,  in  which  Pi  and  Pt  are  the  pistons;  d  and  rfi, 

'  Drawing:  WBhlcrt,  Vrrh.  Vertin.  Brfdrd.  Geverb.,  1867,  XLVi,  ji. 

»  Drawings:  Kennedy,  Tr.  A.  I.  M.  E.,  189J,  xxti,  537;  Krompach,  SUhl  v.  Eiirtt,  1898, 
xvra,  9»9;Me5tn  Machinery  Co., /tob  TroJe  Jfrti.,  Aug.  ti,  i!)04lTod,/ro»  .4|r,  i9o6,Lxxvin, 
338;  Nordberg,  op.  tit.,  1507,  uraxm,  568;  Slick,  of,  cil.,  i^og,  uootiv,  1773. 
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feeders;  5,  air-cylinder;  V,  flywheel;  2>,  dynamo  for  starting;  C,  pump 
compressing  gas-air  mixture;  T,  cross-head. 

The  piston-rod  of  P2  acts  directly  upon  the  cross-head;  that  of  Pi  through  1 
three-throw  crank  the  shaft  of  which  is  also  connected  with  the  flywheel  and 
the  compression-pump.* 


fMP%^ 


■mil.  ..ii-rTTtw 

Fig.  673. — Single  horizontal  blowing  engine. 


Steam  cylinder.    36  X48  in. .  Blowing  cylinder.    84X48  in. 

Figs.  674  and  675. — Indicator  cards,  single  blowing  engine. 


fcn/ 


■^}— fla 


imrn 


r^  Y 


Fig.  676. — Double  horizontal  blowing  engine. 


Figs.  677  to  680. — Indicator  cards  duplex  blowing  engine. 

Fig.  682  gives  a  sketch  of  a  Riedler-Stumpf  duplex  crank-driven  blowing 
engine  with  a  flywheel  having  a  four-cycle  gas-engine  as  motive  power,  ^^i 
and  A 2  are  the  air-cylinders;  d  and  G2,  working-cylinders,  V,  flywheel.*    • 

*  Drawings:  Oechelhaeuser-Junkers,  Iron  AgCy  Dec.  6,  1900,  p.  8;  Greiner, 7.  Land  St. 
/.,  1900,1,  109;  Hubert,  Rev.  Un.,  1900,  L,  156;  Lurmann,  Stahl  u,  Eisen,  i90i,xxi,  4^i 
Lackawanna  Steel  Co.,  Iron  Age,  Jan.  7,  1904,  p.  49;  Riedler,  Zt.  Verein.  deuisch.  Ing.j  190S. 
XLLx,  273;  Rev.  MH.y  1905,  II,  368;  Iron  Age,  1905,  Lxxv,  1980,  2050;  Lxxvi,  80,  160;  Strack, 
Stahl  11.  EiscHy  1904,  xxiv,  1296;  Iron  Age,  1905,  lxxv,  242;  Meyer,  Stahl  u.  Eisen,  1900, 
XX,  385;  1905,  XXV,  67,  133;  Hubert,  Tr.  A.  I.  M.  £.,  1906,  xxxvn,  647;  J.  I.  and  St.  /.,  i^t 
III,  16;  Reinhardt,  Tr.  A.  I.  M.  £.,  1906,  xxxvii,  669;  J.  I.  and  St.  /.,  1906,  ra,  36. 

*  Drawings:  Llirmann,  Stahl  u.  Eisen,  1899,  XDC,  763;  Riedler,  Zt.  Verein  deutsck.lH., 
1905,  XLix,  273;  Rev.  MH.,  1905,  ii,  368;  Iron  Age,  1905,  lxxv,  1980,  2050;  Lxxvi,  80, 160; 
Reinhardt,  and  J.  I.  St.  /.,  1906, iii, 36;  Tr.  A.I.  M. £.,  1906, xxx\ii,  669;  Simmersbach, 5l«^ 
u.  Eisen  1006,  xxvi,  131 1 ;  Drawe,  op.  cit.,  1910,  xxx,  246,  290;  Hellmann,  op.  cii.,  1911,  xxxi, 
J2g2, 
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Horizontal  blowing  engines  have  the  advantages  of  simplicity  of  construction . 
of  accessibility  and  moderate  foundations;  the  disadvantages  are  shortness  of 
stroke  and  wear  of  pistons,  piston-rods  and  cylinders  on  the  lower  sides.  Up 
to  1873  they  were  the  leading  engines  for  iron  blast-furnaces;  since  then  they 
have  been  largely  replaced  by  vertical  engines. 

With  the  advent  of  gas-driven  blowing  engines  the  horizontal  type  is 
again  making  headway.  For  steel-converters  horizontal  engines  are  used 
almost  exclusively. 

In  this  country  the  leading  user  of  the  horizontal  steam-driven  engine 
for  blast-furnace  work  has  been  the  Bethlehem  Steel  Co.,  South  Bethlehem, 
Pa.  Most  of  its  engines  are  cross-compounded  and  the  air-cylinders  are  con- 
nected; further,  the  weight  of  the  piston  is  carried  by  steam-pressure  applied 


Flc.   681. — Single    horizontal    blowing- 
engine  driven  by  two-cyde  Oechelhauiscr 


Fig.  681.— Double   horizontal    bloninf;- 
cngine  driven  by  iout-iyde  Riedler-Slump 

gas-engine. 


in  chambers  on  the  lower  side,  the  steam  being  admitted  through  the  hollow 
pbton-rod.'  A  recent  innovation  with  duplex  horizontal  as  well  as  with 
vertical  engines  is  to  have  the  steam-cylinders  cross- compounded  and  the  air- 
cylinders  disconnected.  This  arrangement  is  advocated  by  the  Southwark 
Foundry  &  Machine  Co.,  Philadelphia,  Pa.  This  company  has  developed  a 
quarter-crank  arrangement  of  steam-  and  air-cylinders  "  whereby  the  maximum 
pressure  upon  the  steam-piston  before  cut-off  is  balanced  by  resistance  upon 
the  air-piston"  which  makes  the  engine  run  smoothly  and  without  noise. 

4.  Vertical  blowing  engines  are  direct-connected  or  beam-engines. 
Direct-connected  engines  are  of  two  types. 

The  long-crosshead  t)^)!-,'  shown  in  Fig.  683,  has  the  air-cylinder,  b,  above 
the  cross-head,  c,  which  is  between  steam-cylinder,  a,  and  the  air-cylinder; 
two  flywheels  each  with  a  wrist-pin  in  the  hub  or  in  one  arm.  This  style  is 
largely  used  in  this  country,  as  it  is  cheap,  takes  up  little  room  and  b  easily 

>  Kennedy,  Tr.  A.  I.  M.  E.,  1893,  xxn,  537. 

"Drawings;  Ashland,  IroH  Age,  1889,  kliii,  6qi;  Witherow,  op.  ell.,  iSgo,  xlvi,  1078; 
Gordon-Slrobcl-Lnreau,  op,  cit..  1891,  XLVn,  374;  Dickson,  op.  eit,,  1S91,  xivn,  319; 
Columbus,  op.  cil.,  iKqi,  xlviii,  441;  Macbeth,  Iron  Trade  Rn.,  March  j,  1903,  p.  96;  Gordon, 
fnn  Af,  July  >3.  1897.  P-  T.  Mesla  Machine  Co.,  op.  cil.,  Dec.  11,  1904,  p.  7,  and  Dec.  »l, 

1905.  P-  »S- 
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accessible;  its  disadvantages  are  that  the  cross-head  is  likely  to  break,  and  that 
putting  the  wrist-pins  in  the  wheels  tends  to  set  up  vibrations  in  them.> 


Fio.  683. — \'erlicii]  blowing  c: 
long-cross  head  lypc- 

Thc  second  type,  that  of  the  steeple  blowing  engine,*  is  shown  in  Fig. 
684.  The  air- cylinder,  c,  above,  the  steam-cylinder,  6,  below,  and  the  cnnb 
at  the  bottom;  the  engines  are  coupled  to  cranks  on  the  ends  of  the  shafts 


Vertical  blowing  engines,  beam  type. 


placed  at  qo  degrees  lo  one  another;  the  shaft  carries  the    two  flywheels,  rf. 
The  engines  avoid  the  disadvantage  of  having  wrist-pins  in  the  flywheels  and 

iSgj,  XXII,  S37. 

;  Youngslown,  op.  cil.,  Dec.  21,  1S99,  p.  9;  Buck*)'*- 


'Kennedy,  Tr.A.I.  .1/.  /■:., 
'Allis, /r"n  ,l?r,  So]>l. 


'.,  June  7,  icoo.  p.  lo;  O.lo.  Fuel  &  Iron  C 

'.,  Dec.  i,  1903,  p.  4;  Ri;>TnA(is,  Enj.  Min.  J  .,  iq^i,' 


Aug.  I 


i;v,  iSo, 


i;  Weslingbouse, 


1  pressure 
are  convenient  for  starting.'    Vertical  direct-connected  blowing  engines  take 
up  little  room,  are  accessible,  have  a  uniform  wear  of  piston  and  piston-rod, 
and  permit  a  long  stroke;  but  they  require  a  strong  foundation. 

Beam-engines'  are  practically  obsolete  in  this  country.  While  they  share 
many  of  the  advantages  of  the  direct-connected  engines  they  have  the  disad- 
vantages of  indirect  transmission  of  power,  of  slow  speed,  of  occupying  much 
room,  of  being  inaccessible  and  expensive.  Two  types  of  single  engines  are 
represented  in  Figs.  685-686,  in  which  a=steam-cylinder,  6= air-cylinder, 
i:  =  beam,  (f=flywheel. 


I 


Fic.  687. — Southwark  vtriical- horizontal  blowing  engine, 


ind  discntinpclfd. 


5.  Vertical  Horizontal  Blowing  Engines'  reduce  the  great  height  neces- 
sary for  a  modern  steeple  blowing  engine  and  increase  the  accessibility.  A 
horizontal  steam-  (or  gas-)  engine  has  been  combined  with  a  vertical  blowing 
engine  of  the  steeple  type  as  shown  in  Fig.  687.  This  arrangement  combines 
the  advantages  of  the  horizontal  and  vertical  types  of  blowing  engines,  and  is 
growing  in  favor  with  iron  blast-furnace  men. 

318.  Capacity  and  Efficiency  of  Blowing  Engines. — The  volume  or  quantity 
of  blast  a  blowing  engine  can  deliver  per  min.  is  governed  by  the  net  piston-area 
'  Kennedy,  he.  oil, 
*  Drawings:  Maryland  Steel  Co.,  Iran  Age,  iSgi,  xlvti,  968. 

Pribram,  Ofst.  Zl.  Berg.  Rimtnw.,  1897,  XLV,  517,  553. 
'Drawings:  Weiraer,  Iron  Agf,  March  11,  1501,  p.  8. 
Koerling,  ep.  eit.,  Jan.  7,  1904,  p.  ss- 
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(the  lotal  area  minus  the  piston-rod  area)  A,  the  length  of  stroke,  J,  the  r.p.m.  I 
n,  the  pressure  of  the  atmosphere,  p,  and  the  pressure  of  the  blast,  p'.  The  1 
theoretical  quantity  of  air  drawn  in  is  (>  =  /I  X/X  2n,  and  the  theoretical  quaniiiy  I 
of  blast  delivered  Q\  =  Q.-     On  account  of  the  clearance,  the  slight  %-acuuni 

existing  in  the  cylinder  upon  reversal  of  the  stroke  and  the  ever-present  leakage. 
the  actual  air-capacity  is  smaller  than  the  theoretical,  which  is  generally  k- 
cepted  as  about  75  per  cent.  With  the  slow  velocity  and  the  great  length ol 
stroke  of  a  modern  blast-furnace  blowing  engine  the  efficiency  niay  reach  00 
per  cent.;  with  the  quicker  moving  Bessemer  blowing  engine  and  its  sboitn 
length  of  stroke,  the  efficiency  may  fall  to  60  per  cent.  The  efficiency  of  the 
engine,  that  is,  the  ratio  of  the  i.h.p.  of  the  air-cylinder  to  that  of  the  steam- 
cylinder  is  usually  taken  at  90  per  cent. 

319.  Amount  of  Air  Delivered  to  a  Furnace, '—This  can  he  arrived  at:  (1) 
from  the  displacement  of  the  blowing  engine;  (2)  from  the  area  of  the  luwres, 
the  temperature  and  pressure  of  the  blast  at  the  furnace;  (3)  from  measuremeci 
with  Pitot  tube;  {4)  from  the  analysis  of  the  tunnel-head  gases. 

It  has  been  shown  that  the  volume  of  air  delivered  to  a  furnace  can  he 
ascertained  from  the  dimensions  of  the  air-cylinder  and  the  number  of  strotei 
of  its  piston;  also  that  the  air-efficiency  may  be  assumed  to  be  75  per  cent. 
but  this  figure  varies  as  much  as  10  per  cent.*  The  method  therefore  givesonly 
approximate  results,  but  these  are  of  the  greatest  value  in  the  practical  ninoing 
of  a  furnace.  It  was  J.  Kennedy  who  in  1871  started  the  working-principk 
of  running  an  iron  blast-furnace  by  the  revolutions  of  the  blowing  engine, 
provided  of  course  that  each  furnace  has  its  own  engine.  This  principle  biJ 
become  the  universal  practice  in  this  country,  and  all  blowing  engines  have  their 
revolution-counters. 

The  product  of  velocity  of  flow  and  tuy&re-area  gives  closer  results  than  the 
foregoing  method,  provided  the  counter-pressure  of  the  gases  in  the  furnace,  the 
barometric  pressure  of  the  air,  and  the  temperature  of  the  blast  (elevated  undo 
ordinary  compression  of  the  air)  are  duly  considered.  Von  Hauer'  givp  tlw 
following  formula  for  calculating  in  cbm.  the  quantity  of  blast  i/„  delivi 
min.  at  0°  C,  and  the  standard  atmospheric  pressure  of  760  mm.: 

M„  =  2i,iio/rf^^J-+'^  (A,-;„)  cbm., 

in  which  d  is  diam.  of    tuyere  in   mm.;   b,  pressure  of   atmo^herc;  K 
that  of   blast  and  Aj  that  of  gases  in  furnace,  all  in  mm.;  o,  coeffidcd  I 
of  air   for   1°   C,  0.00366;  d     temperature  of   air  in  blast-pipe,  Asg-  ^■• 

and  ^  a  factor  =  1— o.oiX  ,  ,  ,   . 

b-\-tti 

'  For  iron  blast-Iumace:  Brisker,  C., " 
Knapp,  Halle,  igog,  p.  5S. 

Hurck,  Stahl  u.  Eisen,  1910,  xxx,  joo. 
'  Uehling,  J.  Franklin  Instil.,  1905,  cux, 
*  Die  HUttenweMQS-Macbmen,  1S7G,  p. 
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<ielivered  under  any  working  conditions,  the  above  formula  has  to  be  multiplied 
lay T-     i  which  gives  the  following  expression 


Jlf5  =  2I,IIIO 


X J X^  rf2-y^^-^-^-(/ri-/r2)cbm. 


in  which  t,  is  the  temperature  of  atmosphere  and  ^9  =  760  mm.  The  same  author  * 
famishes  tables  for  calculating  the  values  of  6+A2  and  X  for  different  temper- 
mtures.    He  further  simplifies  the  above  formula  to 

Af  =  18,740  d^y/hi  —  h2 

for  the  assumption  that  /,  =/i  =  io°  C,  6  =  /?,  ^  =  1,  and  that  the  increase  of  h^ 
over  b  is  ignored.  For  this  formula  he  supplies*  tables  covering  tuyere- 
diameters  20  to  160  mm.,  and  values  of  hi^h^  ranging  from  12  to  300  mm.  A 
third  set  of  tables*  gives  the  values  for  bessemer  blowing  engines. 

Measurement  by  means  of  the  Pitot  tube^  was  devised  by  Pitot  in  1732  for 
ascertaining  the  velocity  of  water.  In  its  simplest  form  it  consists  of  a  tube 
bent  at  right  angles  and  open  at  the  ends;  the  longer  leg  is  held  vertically  and 
the  shorter  is  plunged  in  the  water  with  the  mouth  pointing  squarely  to  the 
current.  The  height  of  the  rising  water  is  proportional  to  the  velocity  of  the 
stream  and  furnishes  thus  a  means  of  measurement.  In  1856  Darcy  added  a 
straight  tube  to  the  bent  one  in  order  to  measure  the  pressure-head  in  addition 
to  the  velocity-head.  The  first  application  of  the  Pitot  tube  to  the  flow  of 
gases  was  probably  made  by  Robinson  in  1873.  The  tube  has  imdergone  many 
changes  in  the  details  of  construction  and  arrangement. 

The  form  shown  in  Figs.  688  to  692  and  described  by  Jager  and  Westly,  is 
essentially  the  same  as  the  standard  of  the  Boston  and  Montana  and  the  Ana- 
conda smelting  companies.  The  static-pressure  tube,  ^4,  and  the  velocity-head 
tube,  By  are  joined  as  shown  in  C.  The  lower  end  of  tube  A ,  carries  a  horizontal 
nipple,  closed  at  the  front  by  a  plug  and  provided  on  either  side  with  a  slot  i  1/4 
by  1/32  in.  By  this  arrangement  the  velocity  of  the  gas  has  no  aspiratory  effect. 
Tube  B  is  bent  at  right  angles  and  measures  both  the  static-  and  velocity-pres- 
sures when  it  is  turned  toward  the  gas-current.  By  connecting  the  ends  of  the 
two  tubes  to  those  of  an  U-shaped  manometer,  the  static  pressure  is  canceled, 
while  the  manometer  read  direct  shows  only  the  velocity-pressure. 

The  manometer,  Figs.  691  and  692,  consists  of  an  inverted  glass  bottle  filled 

*  Op.  cU,,  p.  600. 
■  Op,  cii.f  p.  602. 
*0p.  cit.f  p.  613. 

*  Robinson,  Van  Nostrand  Mag.,  1886,  xxxv,  91;  GeoL  Survey  of  Ohio,  i888,  vi,  548;  Tr, 
Am,  Soc.  Mech.  Eng.y  1904,  xxv,  208;  K45,  Oest.  Zt.  Berg.  HUUenw.,  1888,  xxxvi,  591. 
Rateau,i4nn.  Min,,  1898,  xin,  331. 

Taylor,  Eng.  NewSy  1904,  lti,  387. 
Bumham,  op.  cU.,  1905,  liv,  660. 
Vambera-Schraml,  Oest.  Jahrb.y  1904,  uv,  i. 
Jager-Westly,  Eng.  Min.  /.,  1909,  lxxxviii,  468. 
Smith,  op.  cit.f  1910,  xc,  1197  (clamp  for  tube. 
McQuigg,  op.  cU.f  1913,  xcv,  649,768  (Richards). 
Qoud,  op.  cii.f  1 9 13,  xcv,  961. 
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in  part  with  grain  alcohol  and  closed  with  a  stopper  through  which  pus  the 
velocity-tube  extending  above,  and  the  static  tube  ending  beneath  the  Icvd  of 
the  liquid.  In  order  to  do  away  with  oscillations,  which  prevent  accurate  read- 
ings on  the  scale  A ,  the  static  tube  is  drawn  to  a  point.  The  scale,  cross>sectioo 
paper  divided  into  i/to  in.  and  subdivided  again  into  halves,  permits  estimatiiii 
i/ioo  in.;  it  is  held  down  by  the  metal  straps  B  and  C,  and  can  be  moved  up  and 


Fics.  688  to  692. — Pilot  tube  and  manometer. 

down  tD  adjust  the  zero  point.  As  the  bottle  is  3  in.  diam.,  and  the  tube  0.0938 
in.,  a  rise  of  i  in.  in  the  tube  will  correspond  to  a  fall  in  the  bottle  of  only 
o.ooo()8  in.,  a  negligible  quantity. 

In  making  a  test,  it  is  necessary  to  make  a  number  of  observations  in  tlw 
cross-section  of  a  flue  or  pipe  in  order  to  obtain  a  true  average;  a  long  straight 
part  of  the  flue  should  be  chosen  to  take  observations,  as  otherwise  eddy-currents 
will  be  met  with.  In  averaging  the  observations,  any  negative  readings  due 
to  eddy-currents  have  to  be  thrown  out. 


Fraction  of  dislancK 
of  tip  from  cenler 
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I  As  the  flow  of  gas  in  a  Hue  is  quicker  at  the  center  than  at  the  side,  a  correo 
■  tion  must  be  applied  for  the  position  of  the  tip  in  the  flue.  Table  244  by  Robin- 
I  son'  gives  the  corrections  to  be  made  for  a  circular  flue.  Thus,  when  the  tip  is 
I  held  in  the  center,  a  deduction  of  9.2  per  cent,  must  be  made  from  the  calculated 
result. 

Besides  the  readings  with  the  tubcj  it  is  necessary  to  take  the  analysis 
and  temperature  of  the  gas,  the  pressure  of  the  atmosphere  and  the  specific 
gravity  of  the  alcohol. 

Let,  e.g.,  the  manometer- readings  average  1/4  in.  =1/48  ft,  alcohol;  the 
gas-analysis  be  COs  9.8,  N  79,  0  10.5,  SOi  0.7  per  cent,  by  vol.;  the  gas  tem- 
perature aSsdeg.  C,  the  barometer- reading  27.95  in.  =710  mm.;  and  the  specific 
gravity  of  the  alcohol  0.81.  First,  the  volume  will  have  to  be  changed  into 
weight  as  shown  in  the  following  table.    At  o  deg.  C.  and  760  mm.  pressure,  each 


I 


Gm 

Per  unit, 
Volume 

Multiplied  by 

deusity  referred 

tuH^t 

Gives 
up-  Br. 

0,098 
0.793 

O-IQS 

.0,007 

>4 
16 
3" 

3.156 

1000 

IS'" 

gram  molecule  of  gas  occupies  a  space  of  32.3 1.  As  the  molecule  of  H  contains 
3  atoms,  we  have  in  22.3  1.,  2X1512  =30.24  g.  gas.  At  285"  C.  or  273-^285  = 
558°  C.  absolute,  and  at  710  mm.  pressure,  the  original  22.3  1.  change  to 
22.3X558X760 

273X710 
As  I  1.  alcohol  weighs  810  g.  and  is  1313  times  as  heavy  as  the  gas,  the  height 

of  column  of  1/48  ft.  alcohol  = 


=  49  1.;  hence  49  L   hot  gas  weigh  30.24,  or  i  1.   =0.617  K- 


48 


27.34  ft.  of  column  of  gas.     Now  the 


velocity  formula  V^^/igh  gives  \/2X32-i6Xj7. 34  =  41.93  ft.  per  sec. 

In  calculating  the  amotmt  of  blast  entering  a  furnace  from  the  analysis  of 
the  tunnel-head  gas,  the  simplest  way  is  to  base  it  upon  the  weight  of  charge, 
say  of  100  kg.  In  a  lead  blast-furnace,  e.g.,  the  analysis  of  the  tunnel-head  gas 
gave  COj  19.4,  CO  9.5,  O  none,  N  71. i  per  cent,  by  vol.  As  1  cbm,  C02  or  CO 
contains  at  o"  C.  and  760  mm.  pressure  0.54  kg.  C,  the  weight  of  the  Cin  a  cbm. 
of  tunnel-head  gas  is  equal  the  amounts  of  COa  and  CO  multiplied  by  0.54. 
Hence  C  as  €01  =  0.194X0.54  and  C  as  €0  =  0.095X0.54;  from  which,  total  C 
in  I  cbm.  =0.289X0.54=0.1561  kg.  The  volume  of  gas  produced  per  100  kg, 
charge  is  now  obtained  by  dividing  the  total  weight  of  C  gasified  by  the  weight  of 
the  C  in  I  cbm.  gas.  The  coke  required  to  smelt  100  kg,  contained  15,63  kg. 
C,  the  COt  of  the  cerussite  from  the  lead  ore  furnished  0.48  kg.  C,  and  the  COi 
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of  the  limestone  used  as  flux  0.72  kg.  C;  this  gives  a  total  of  16.83  I^g-  C.  There- 
fore 16.83  :o.i56i  =  107.8  cbm.  gas  at  0°  C.  and  760  mm.  pressure,  which  accord- 
ing to  analysis  contains  107.8X0.711  =  76.65  cbm.  N,  and  this  amount  of  N 
corresponds  to  76.65  10.792=96.78  cbm.  =125.1  kg.  of  air. 

320.  Blast  Accessories. — ^The  leading  apparatus  to  be  considered  briefly 
are  the  regulators,  equalizers,  or  accumulators,  the  blast-mains  with  their  gates, 
and  the  tuyeres. 

Equalizers. — The  use  of  an  equalizer  is  to  reduce  to  a  minimum  the 
pulsations  of  the  blowing  engine  in  order  that  the  furnace  may  receive  a 

constant  current  of  air.  Formerly  a  large  spherical  sted 
vessel  was  used  for  this  purpose  in  connection  with 
blast-furnaces;  it  has  been  replaced  in  most  instances  by 
a  cylindrical  vessel,  the  cubical  content  of  which  ought  to 
be,  with  a  single  engine,  at  least  20  times  the  capacity  of 
the  air-cylinder.  With  duplex  engines  the  capacity  can 
be  one-half  that  required  for  a  single  engine,  and  with 
triplex  engines  it  can  be  dispensed  with  entirely.  Wth 
hot-blast,  the  brick  stove  takes  the  place  of  the  equalizer. 
In  converting  pig  iron  or  matte,  the  converter  must 
be  supplied  at  intervals  with  the  required  volume  of  air 
at  a  given  pressure.  The  blowing  engine  running  more 
or  less  continuously  delivers  the  compressed  air  to  an 
accumulator.  Figs.  693  and  694  represent  an  apparatus 
14X120  in.  made  by  the  Philadelphia  Engineering 
Works:  stationary  ram  (7),  14  in.  in  diam.,  is  securely 
bolted  to  the  foundation;  moving  cylinder  (6),  17  1/2 
in.  in  diam.,  slides  on  guide-rod  (3),  3  1/2  in.  in  diam., 
and  is  guided  by  means  of  stuflSng-box  (5) ;  rod  (3)  is  held 
at  the  bottom  by  ram  (7)  and  at  the  top  by  bearing  (i) 
which  is  secured  to  the  roof  truss;  the  weight-box  (8), 
i/i6-in.  plate-iron  and  71  in.  in  diam.,  rests  upon  flange 
(9)  of  cylinder  (6).  The  apparatus  can  be  weighted  up 
for  a  pressure  reaching  500  lb.  per  sq.  in. 

Hydraulic  accumulators  are  obsolete  with  blowing 
engines. 

Blast  Pipes. — ^The  blast-pipe  conducting  the  blast 
to  the  furnace  is  usually  of  steel  plate;  with  preheated 
blast  it  is  lined  with  fire-brick.    Its  area,  A,  is  proportional  to  the  quantity  of 

the  blast,  Q^  and  indirectly  to  the  velocity,  r,  or  ^4=- ;   hence  the  diameter 

{/  =  a/-  =1.131^-  .  With  high-pressure  blast,  v  should  not  be  over  70 
ft.  per  sec;  with  low-pressure  not  over  35  ft.  Von  Hauer^  gives  the  formula 

'  Op.  til.,  p.  53. 


Figs.  693  and  694. 
Accumulator. 
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The  terms  of  this  formula  have  been  given  on  p.  788;  r/  =  ioto  15  meters, 
bi  Older  to  allow  for  expansion  and  contraction  (coefficient  for  iron  =0.00111  for 
CTwy  100°  C.,)  some  form  of  stuffing-box  or  expansion-joint  as  shown  in  Figs. 
£95  and  696  is  placed  at  intervals  in  the  blast-main.    The  main  as  well  as  the 


Figs.  695  and 


Fig.  697.— Blast-gate. 


bmnches  are  usually  supplied  with  sliding-gates  to  cut  off  the  blast  entirely, 
to  throttle  or  regulate'  it,  or  to  let  some  blast  escape  into  the  open.  They  are 
■Buallyof  cast-iron;  large  sizes  are  always  operated  by  rack  and  pinion.  Fig.  697; 
flnall  sizes  by  hand,  Fig.  698;  frequently  they  are  of  the  lever-pattern  Fig.  699. 


Fic    69S —Blast  gate 


Fio.  699. —Blast-gate. 


TUY&KES  — Smce  the  forms  of  tuyeres  vary  with  different  furnaces,  details 
in  better  studied  m  connection  with  the  furnaces.  The  nozzle  of  a  tuyere  is 
atwajrs  corneal,  as  a  high  velocity  is  thereby  obtained;  according  to  Weisbach* 

> Cabot- Vaughen,  Blast-regulator,  iTon  Age,  Dec.  4.  190J,  p.  27. 

*Weut»cb,  J,  and  Coxe  £  B  ,  "Theoretical  Mechanics,"  Van  Nostrand,  New  York, 
187a,  p.  949- 
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the  coefficient  of  efflux  for  a  conical  pipe  reaches  the  maximum  of  0.92  with  an 
angle  of  convergence  of  about  6**.  With  blast-furnaces  the  nozzles  are  cast- 
iron,  bronze  or  brass,  and  they  may  be  water-jacketed,  water-sprayed  or  simply 
air-cooled.  The  number  and  size  of  tuyeres  depend  upon  the  quantity  of  blast 
to  be  delivered  into  the  furnace.  The  number  is  governed  in  part  also  by  the 
intervening  space  necessary  for  the  stability  of  the  furnace.  Ledebur^  gives  for 
an  iron  blast-furnace,  n=7:X  diam.  of  tuyfere-section  in  meters.  The  diameter 

is  calculated  by  Von  Hauer^  by  the  formula  d=-J  ^^  J- — jt;^^-rz  ^ 
ters.     The  meaning  of  the  letters  in  the  formulSi  is  given  on  p.  788. 


PREHEATING  AND  DRYING  OF  AIR 

321.  Preheating  Fuel  and  Air  in  General. — In  some  pyrometallurgical 
processes  the  fuel  is  preheated  before  it  comes  in  contact  with  air  as,  eg.,  the 
coke  during  its  descent  in  a  blast-furnace;  in  others  the  air  alone  is  preheated  as 
is  the  case  with  the  open-hearth  steel  furnace  fired  with  natural  gas;  again 
both  fuel  and  air  are  preheated  as  in  the  hot-blast  iron  blast-furnace  or  the  open- 
hearth  steel  furnace  fired  with  producer-gas.  The  result  of  this  preheating  is 
to  add  the  sensible  heat  of  the  fuel  or  the  air  or  of  both  to  the  heat  generated 
by  combustion,  and  the  effect  is  a  raising  of  temperature  and  a  saving  of  fuel 
Only  in  exceptional  cases  will  it  pay  to  bum  extraneous  fuel  for  the  sake  of 
preheating;  as  a  rule  the  heat  of  the  furnace  otherwise  lost  by  conduction  and 
radiation,  or  that  contained  in  the  waste  gases  or  slags  is  utilized  for  this  pur- 
pose, or  the  tunnel-head  gases  themselves  have  a  fuel-value  which  can  be  further 
utilized.  In  preheating  fuel,  only  gaseous  fuel  need  be  considered,  as  the  arti- 
ficial drying  and  warming  of  natural  solid  fuels,  such  as  wood,  peat  and  lignite 
have  become  obsolete  in  metallurgical  practice,  and  the  preheating  of  carbon- 
ized fuel  in  the  blast-furnace  is  inherent  in  the  process.  The  warming  of  liquid 
fuel  to  be  burnt  in  a  furnace  has  already  been  discussed  in  §§  138  and  153. 
Of  the  gaseous  fuels  the  leading  one  is  producer-gas;  gases  rich  in  CxH^arc 
decomposed  upon  heating,  and  water  gas  is  used  only  in  small  heating  furnaces 
with  which  preheating  is  out  of  question. 

Heat  is  transmitted^  either  by  conduction  or  radiation;  it  is  conducted  when 
the  transmission  is  in  the  mass  of  a  body;  it  is  radiated  when  the  transmission  is 
through  an  intervening  medium  without  affecting  the  temp>erature  of  the 
latter. 

In  heat  conduction*  a  distinction  has  to  be  made  between  that  taking  place 
in  0  single  body,  and  between  two  bodies  in  close  contact.     For  a  single  body  the 

^  "Ilandbuch  dcr  Eiscnhiittcnkundc,"  4  ed.,  1903,  p.  426. 

^Op.  cil.,  p.  25. 

»  Richards,  J.  W.,  Metallurgical  Calculations,  McGraw-Hill  Book  Co.,  New  York,  1906, 
I,  p.  172. 

*  Ilcring,  Mel.  Chem.  Eng.,  1908,  vi,  495;  1909,  vri,  11;  1910,  vm,  627;  191 1,  a,  8,  i"5« 
56S,  625. 
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thermal  conductivity,  or  the  quantity  of  heat  which  passes  through  a  plate  the 
two  sides  of  which  are  kept  at  constant  difference  of  temperature,  is  proportional 
to  the  area,  A,  of  the  plate,  the  time  of  flow,  t,  the  difference  in  temperature 
between  the  two  faces  of  the  plate,  Si—S,  and  a  constant,  K,  representing  the 
rate  of  flow,  which  differs  with  the  substance;  it  is  inversely,  proportional  to 

the  thickness,  a,  of  the  plate;  or  Q  = , XA;  A  =  j  y/y7y  —  <?S 

This  coefficient  of  thermal  (or  calorimetric)  conductivity,  K,  in  C.G.S.*  units 
is  the  number  of  gram  cal.  which  passes  in  i  sec.  through  the  opposing  faces  of 
a  cube  of  substance  i  cm.  in  thickness  which  are  kept  at  a  constant  difference 
of  I**  C.  Thus  K  for  soft  steel  is  o.i  i ;  this  means  that  a  cube  of  soft  steel  with 
sides  of  I  cm.  which  have  a  difference  of  temperature  at  the  two  surfaces  of 
I**  C,  will  allow  O.I  I  gram  cal.  to  flow  through  it  per  sec.  In  the  same  way  a 
sheet  of  soft  steel  i/io  the  thickness  and  loo  times  the  area  will  allow  o.iiX 
loX  loo  =  I  lo  gram  cal.  to  flow  through  per  sec.  The  thermal  resistance  (restiv- 
ity)  is  the  reciprocal  of  thermal  conductance  (conductivity). 


Table  245. — Values  of  IT  in  C.G.S.,  Calories* 


Silver,  at  o® i .  10 

Copper,  0-30** o .  92 

Copper,  commercial o. 8a 

Copper,  phosphorized 0.72 

Aluminum,  o" o. 34 

Aluminum,  xoo^ o .  36 

Zinc  IS* 0.30 

Braat,  yellow  o** o .  20 

Braat,  yellow   100^ o. 25 

BrMt,  red,  o* 0.25 

Braat,  red,  100** 0.28 

Iron,  wrought,  o* 0.21 

Iron*  wrought,  100® o.  16 

Iron,  wrought,  200* 0.14 

Iron,  fteel,  soft o.ii 

Iron,  fteel,  hard o. 06 

Lead,  o* 0.084 

Lead,  xoo** o .  076 

Antimony,  o* 0.044 

Mercury,  o* 0.015 

Mercury,  so** o.oio 

Mercury,  100** 0.024 

Bismuth,  0° 0.018 


Ice o.oosoo 

Glass,  10-15° o.ooiso 

Water 0.00x20 

Quartz  sand,  18-98® 0.00060 

Fire-brick  dust,  20-98* 0.00028 

Retort-graphite  dust,  20-100** 0.00040 

Magnesia-brick  dust,  ao-ioo** 0.00050 

Magnesia,    calcined,  Grecian*  granular, 

20-ioo° 0.0004s 

Magnesia,    calcined,    Styrian,  granular, 

20-100** 0.00034 

Magnesia  calcined,  light,  porous,  20-100"  o.oooiC 

Infusorial  earth'  (Kieselguhr)  17-98**.. . .  0.00013 

Infusorial  earth,  0-650" o .  00038 

Brick-dust,  ordinary  coarse,  o-ioo** 0.00039 

Charcoal,  powdered,  p-ioo** o. 00022 

Coke,  powdered,  o-ioo** 0.00044 

Carbon,  gas-retort,  solid,  o-ioo° 0.01477 

Cement,  0-700** 0.00017 

Alumina-brick.  0-700** 0.00204 

Magnesia-brick,  0-1300° 0.00620 

Fire-brick,  0-1300° 0.00310 

Fire-brick,  0-500** 0.00140 


Table  246  by  Queneau*  for  refractory  brick  is  compiled  from  the 
experimental  results  of  Wolgodine*  for  temperatures  up  to  1,000**  C.  and 
in  a  few  instances  1,200°  C.    The  latest  table  is  that  compiled  by  Hering.* 

*  Hering,  Thermal  ohm  and  mho,  Mtt.  Chcm.  Eng.,  1Q12,  ix,  3. 

*  Richards,  op.  cit.  pp.  175,  184. 

*  Steger,  Stahl  u,  Eiscn,  1907,  xx\'ii,  1697. 

*  Elecirochem.  Met.  Ind.y  1909.  vii,  383. 

^  Rev.  Mit.y  1909,  VI,  765,  transl.  by  Queneau,  EUctrochrm.  Met.  Ind.,  1909,  vii,  383,  433. 

*  Met.  Chem.  Eng.y  191 1,  ix,  652. 
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Table  246. — Thermal  Conductivity  of  Refractory  Materials 


Material 


Conductivity 


Gr.  caL  sec,  per 

sq.  cm.,  per  cm. 

per  I®  C.  diflF. 


Kg.  cal.  hr.,  per 

sq.  cm.,  per  cm., 

per  I®  C.  diff. 


Relative 
percent 


Graphite  brick 

Carborundum  brick 
Magnesia  brick .... 
Chromite  brick .... 

Fire-brick 

Checker  brick 

Gas-retort  brick 

Building  brick 

Bauxite  brick 

Glass  pot 

Terra-cot  ta 

Silica  brick 

Kieselguhr  brick  . . 


0.025 

0.0231 

0.0071 

0.0057 

0.0042 

0.0039 

0.0038 

0.0035 

0.0033 

0.0027 

0.0023 

0.0020 

0.0018 


9.0 
8.32 

2.54 
2.05 

1-50 
1.42 

1.36 
I.  26 
1. 19 
0.96 
0.84 
0.71 
0.64 


100 

92.4 
28.4 
22.8 

16-7 
15.8 

14.0 

13  2 

12.4 

93 

78 
71 


For  two  bodies,  like  solid  and  liquid  or  solid  and  gas,  the  heat-tansfer  from 
one  body  to  the  other  varies  with  the  character  of  the  solid  and  the  liquid;  the 
solid  shows  greater  variations  than  the  liquid;  they  are  further  influenced  by 
the  renewal  of  exposed  surfaces  due  to  the  flow  of  the  liquid  or  gas,  t.e.,  the 
velocity  of  its  circulation.  Experiments  have  shown  that  the  coeffident  of 
thermal  conductivity  for  air  or  similar  gases  and  metal,  X'  =  o.oooo28(2+\/r) 
gram  cal.,  with  v,  measured  in  cm.,  and  for  hot  water  and  metal,  iT =0.000028 
(30o+i8o\/t;). 

A  hot  body  will  radiate  heat  in  all  directions.  The  amoimt  of  heat  lost  by 
radiation  depends  upon  the  nature  of  the  hot  body  and  is  proportional  to  the 
difference  between  the  fourth  powers  of  the  absolute  temperatures  of  the  hot 
body  and  its  surroundings. 

It  has  been  determined  by  Peclet*  in  gram.  cal.  per  sq.  cm.  of  surface  for 
surroundings  at  0°  C.  and  hot  bodies  at  100°  C.  Some  of  his  figures  are  as 
given  in  Table  247. ^ 

Table  247. — Loss  of  Heat  by  Radiation  at  Low  Temperatures 

Russia  sheet  iron 0.01410 

New  cast-iron o  0133: 

Oxidized  iron 0.01410 

Glass o  oi::i 

Building  stone 0.01500 


Polished  brass o. 00108 

Copper o .  00068 

Polished  sheet  iron 0.00189 

Leaded  sheet  iron o. 00273 

Ordinary  sheet  iron o .  01164 


For  higher  temperatures,  taking  Peclet^s  figures  as  units,  the  following 
factors  will  give  the  desired  data:* 

'  P6clet,  E.,  *'Trait6  dc  la  Chaleur,"  Masson,  Paris,  1878,  Vol.  I,  p.  519. 

*  Richards,  op.  cit.^  pp.  185  and  186. 

*  Loc.  cit. 


Tabi£  14S. — Loss  OF  Heat  bv  Radiatiok  at  Hicb  TEttPEBATVKES 


.  45.3-1 


In  calculating  the  loss  of  heat  from  a  furnace  wall,  first  the  amount  lost  by  J 
transference  through  contact  of  wall  and  air  will  have  to  be  ascertained,  and  | 
secondly  the  amount  lost  by  radiation  proper. 

The  two  systems  of  heat -transmission  in  furnaces  are  carried  out  in  differ- 
ent ways.    They  may  be  conveniently  classed  under  three  heads:  (i)  The  con- 
tact radiation  system,  action  continuous;  (z)  the  counter-current  (recuperator) 
system,  action  continuous,  and  (3)  the  Siemens  (regenerator)  system,  action  J 
intermittent.     In  each  a  distinction  is  to  be  made  between  low  and  high  pres-  I 
sures  representing  the  application  to  the  reverberatory  and  the  blast-furnace. 


g:is- producer  and  beating  furnace. 


332.  The  Contact-radiatioa  System. — Part  of  the  heat  generated  in  a  fur- 
nace is  transmitted  through  the  walls  by  conduction  and  lost  by  radiation  at 
the  surface.  The  amoimt  thus  lost  depends  upon  the  thickness  and  conduct- 
ing power  of  the  furnace  material,  the  difference  in  temperature  inside  and  out- 
side, the  surface  and  its  radiating  capacity,  and  the  time. 

In  reverberatory  smelting-furnaces  it  is  not  uncommon  to  make  the  fire- 
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bridge  hollow  or  to  build  flues  beneath  the  hearth  in  order  that  ait  dnnm 
through  may  keep  these  parts  cool  and  thus  protect  them  against  staggjing  or 
melting.  In  many  cases  the  air  thus  preheated  is  conducted  underneath  the 
grate  or  conducted  through  the  roof  above  the  fire-bridge,  and  the  heat  with- 
drawn from  the  furnace  thus  restored  to  it. 

The  Boetiua  gas-producer,'  Figs.  700  to  702,  patented  in  1865,  repTcsentsa 
type  of  furnace  in  which  air-passages  surround  the  lining  of  the  fire-box.  Air 
circulates  through  the  horizontal  flues,  m,  and  enters  the  furnace  through  the  fire- 
bridge, i,  while  the  air  that  travels  to  and  fro  through  the  flues,  0,  enters  the 
flues,  p,  and  is  admitted  above  the  fire-bridge  through  ports,  (,  in  the  roof.  Thb 
form  of  semi  gas-firing  is  used  quite  extensively  on  the  European  continent  in 
puddling-,  zinc-*  and  glass-furnaces.* 


;o3  and  704  — Bicheroujc  heating  furnace. 


In  the  Bicheroux  furnace,*  Figs.  703  and  704,  air  circulates  underneath  tlw 
hearth,  enters  a  vertical  chamber,  /,  on  top  of  the  producer  and  enters  the  rising 
flue,  g,  through  a  number  of  ports. 

Those  furnaces  are  usually  run  with  natural  draft;  however,  as  the  air  for  a 
modern  gas-producer  is  frequently  supplied  by  an  injector,  air  under  moderate 
pressure  may  be  used  here,  but  only  in  exceptional  cases. 

The  following  may  serve  as  an  example  of  a  calculation  for  the  cooling  of  Uie 
flue  in  the  fire-bridge  of  a  reverberator}'  furnace :  the  cooling  flue  is  ao  cm.  wide, 
30  cm.  deep,  and  2  m.  long;  the  walls  are  25  cm.  thick;  the  temperature  on  tbe 

'  Betg.  Ilullcnm.  Z..  i8(io,  xxi'iii,  45^;  ^f.  Vn.,  1877,  I,  JOI. 

'  Ingalls,  W.  R.,  "Metallurgy  of  Zinc  and  Cadmium,"  Engineering  and  Mlmngjournit, 
'90J.  Pp.  23,  27'.  j8S,  304,  370,  417,  446,  448. 

*  Kamdohr,  "  Die  Uasfcucrung,"  Halle,  1877,  Part  11,  Plate  11. 

*  Rev.  U«.,  1874,  XXXVI,  lag,  18;;,  l,  196;  Berg.  Iliiltatm.  Z.,  1874,  xxxm,  434;  l!;;. 
Ksx\],  233;  iSrS.xxxvu,  Platev,  Figs.  18  and  19. 

Ledcbur.  A.,  "Die  Gasfeuerut^gen  t(it  Melallurgische  Zwedte,"  Felli, LeipMC,  1891, p.  m- 
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fire-box  side  is  1,400°  C,  over  the  top  1,200°,  and  on  the  hearth-side  1,100°  C. 
How  much  air  at  30°  C.  must  be  blown  through  the  flue  to  reduce  the  tempera- 
ture of  the  walls  to  200°  C,  ? 

The  conductance  of  1  cm.  thickness  of  fire-brick  is  0.0014  g-  cal.,  that  of  15 
cm.=o.oooo56  g.cal.  The  area  of  the  fire-box  side  =  2ooX3o  =  6,ooo  sq.  cm.; 
the  difference  in  temperature  =1,400-200  =  1,200°  C;  hence  the  heat  to  lie  re- 
moved =  1, 200X6,000X0.000056  =  403. 2g.cal.persec.  Theareaon thchearth- 
side=3ooX30  =  6,ooo  sq.  cm.,  the  difference  in  temperature  =  i,ioo— 200= 
900°  C,  hence  the  heat  to  be  remiived  =  90oX6,oooXo.oooos(>  =  302.4  g.  cal,  per 
sec.  The  area  on  the  top  =200X20=4,000  sq.  cm.,  the  difference  in  tempera- 
ture=i,aoo— 200=1,000° C,  hence  the  heat  to  be  remo\-ed  =i,oooX6,oooX 
0,000056  =  3368.  cal.  per  sec.  The  total  heal  to  be  removed  =  1,041.6  g.  cal.  per 
sec.  The  conductance  of  fire-brick  to  air=o.oooo28  C2-!-V'i')  C.G.S.  The 
total  surface  of  the  inside  flue  =  r6,ooo  sq.  cm.  Assuming  30°  C.  to  be  the  mean 
temperature  of  the  air,  the  total  difference  in  temperature  inside  the  flue  and 
outside  is  200  —  20  =  180°  C,  hence  the  heat  to  be  removed   i6,oooXi8oX 

0.000028  (2-I-V  n)  =  1,041.6  g.  cal.  persec;  2 -|-  Vt- 


16X  18X0.28 


=  1 2.9  i  Vr  = 

io.g  ;ti=ii6,6  cm.  per  sec.    The  cross-section  of  the  flue  =2oX30  =  6oo3q.  cm.; 
hence  600X118,8=71,286  cbm.  =0.713  cbm,  per  sec,  approximately. 

In  blast-furnaces,  the  smelting-zone  is  sometimes  cooled  by  an  air-jacket, 
that  is,  it  is  enclosed  by  steel  or  copper  boxes  through  which  air  is  forced  by 
means  of  a  pressure-blower  and  then  delivered  to  the  bustle-pipe  to  pass  as  pre- 
heated air  through  the  tuyeres  into  the  furnace.  Enclosing  the  smelting-zone 
of  an  Arizona  cop]}er  blast-furnace'  with  copper  plates  stopped  the  melting  of 
the  sides,  as  the  conducting-  and  radiating* power  of  copper  is  greater  than  that 
of  fire-brick. 

The  following  calculation  gives  the  amount  of  air  which  is  required  by  an 
air-jacket  in  a  blast-fumacc. 

The  tuyere -section  is  1X1-3  m.;  the  height  of  the  copper  jacket  i  m.;  the  air- 
space 15  cm.;  the  brick  walls  inside  the  jacket  are  15  cm.  thick.  The  tempera- 
ture inside  the  furnace  is  1,200°  C,  the  desired  temperature  of  the  outside  wall 
200°;  the  mean  temperature  of  the  cooHng-air  25°  C. 

The  conduction  of  i  cm,  thickness  of  fire-brick  is  0.0014  g.cal.,  that  of  15  cm. 
=0.0001  g.  cal.  The  mean  area  of  the  inside  and  outside  of  the  brick  wall  is 
520X100=52,000  stj.  cm.  The  difference  in  temperature  between  the  inside 
and  outside  brick  wall  =  1,200  — 200=1,000°  C. ;  hence  the  heat  to  be  removed 
by  air  =1,000X0.0001X52,000  =  5,200  g.  cal.  per  sec.  The  conduction  of 
fire-brick  to  air  =o.oooo28(2-|-\'^p)  C.G.S.  The  area  of  the  fire-brick  surface  — 
2X(i30+i6o)Xioo  =  58,ooo  sq.  cm.,  and  the  difference  in  temperature  =  200— 
'S  =  ^75°  C. ;  hence  the  heat  to  be  removed  is  58,oooXo.ooooi8{2-|-V  r)X  175  - 
5,200  g.  cal.  per  sec;  this  gives  11  =  265.7  cm.  per  sec.  The  cross-section  of  the 
four  cooling-jackels  =  4Xi6oXis  cm.  =  9,6oo  sq.  cm.  =  o.96  sq.  m.,  and  the 
volume  of  air  =  0.96X2.657  =  2.5  cbm.  per  sec. 
'  Wendt,  Tr.  A.  I.  M.  E..  [886-??,  XV,  43. 
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Fig.  705. — Principle  of  recuperation. 


323.  The  Counter-current  (Recuperator)  System. — ^In  the  preceding  system, 
heat  from  the  fire-box,  the  hearth  or  smdting-zone  has  been  transferred  to 
another  part  of  the  furnace  or  carried  away.  In  the  counter-current  system, 
the  heat  of  the  products  of  combustion  of  a  reverberatory  or  blast-furnace,  or 
in  an  iron  blast-fiimace  the  heat  generated  by  the  bummg  of  the  hot  tunnel 
head  gases,  is  utilized  in  part  by  having  the  gases  travel  around  a  set  of  floes 
through  which  the  air  passes  in  the  opposite  direction,  Fig.  705.  With  the 
reverberatory  furnace,  only  the  air  is  usually  thus  pre-heated,  as  the  producer 
gas  generally  goes  straight  from  the  producer  with  its  primary  heat  to  the 

fiimace  placed  dose  to  it;  however,  som^ 
times  the  gas  also  is  pre-heated.  With  the 
blast-furnace,  of  course,  only  the  air  is 
pre-heated. 

The  counter-current  prindprfe  of  heat- 
ing is  of  great  importance  and  can  be 
made  as  complete  as  is  desired  by  increis- 
ing  the  length  of  flue  and  thereby  the  duration  of  contact.  The  apparatus  far 
furnishing  hot  air  to  reverberatory  and  hot  blast  to  blast-furnaces  differ  con- 
siderably from  one  another  as  regards  form  and  building  material. 

In  a  reverberatory  furnace  the  recuperator  consists  of  a  series  of  circular  or 
rectangular  flues,  usually  vertical  and  not  over  6  in.  wide,  which  are  built  of 
fire-clay  tiles,  rarely  of  brick,  with  rabbet  or  broken  joints  in  order  to  insure  an 
air-  and  gas-tight  fit.  Iron  pipes  used  in  the  earlier  constructions  have  been 
entirely  abandoned  on  account  of  their  scaling  when  heated  to  above  400  ^  C* 
Any  leakage  in  such  a  heating-flue  would  allow  air  to  escape  into  the  gas-flue  or 
vice  versa  y  the  direction  of  flow  depending  upon  which  of  the  two  had  the  greater 
pressure. 

Beside  the  danger  of  leakage,  the  system  has  the  disadvantage  that  the  beat 
has  to  be  conducted  through  a  material  which  is  an  inferior  conductor  of  heat, 
and  which  has  to  be  made  at  the  same  time  thick  enough,  i  to  i  1/4  in.,  to  be 
mechanically  strong.  For  the  satisfactory  absorption  of  heat  the  flues  can  be 
numerous  and  short  or  few  and  long;  the  former  plan  is  preferable  as  it  makes 
exchanges  possible,  and  permits  arrangements  for  easy  accessibility  for  the  ^^ 
moval  of  dust  and  accretions.  One  of  the  earliest  furnaces  is  the  one  erected  by 
Ponsard^  to  serve  a  puddling  furnace;  the  inaccessibility  and  cracking  of  the 
tiles  interfered  mth  its  working  satisfactorily.  Other  forms  are  those  of 
Schwarzkopf,^  Schmidthammer,*  Pietzka,'^  Blezinger,*  Schmatolla,'  Lcncau- 


*  Schmidhammer,  Stahl  u.  Eisetty  1893,  xiii,  798. 

*  Berg.  Hiiltenm.  Z.,  1873,  xxxii,  197;  Bull.  Soc.  Ind.  Min.,  1872,  i,  747;  IronAgt^  18A 
XII,  342;  Rev.  Un.f  1876,  xxxdc,  131. 

'  Op.  cit.,  1896,  x\'i,  688. 

*  Op.  cit.y  1893,  xiii,  796. 

*  Staid  u.  Risen  J  1889,  ix,  562. 

*  Op.  cit.y  1893,  xin,  466. 

^  London  Min.  /.,  1909,  lxxxv,  167, 
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I  chez,'  Nehse,'  Converse-De  Saulles;-  further  the  coking  ovens  of  Coppee  (Figs. 
154-158),  Simon-Carves  (Fig.  173),  Semet-Solvay  (Figs.  174-176),  and  others. 
The  fuel -economizers  of  steam-boilers  are  counter-current  recuperators  in  which 
water  circulates  through  iron  pipes  instead  of  air. 

The  calculation  of  the  flue  area  of  a  recuperator  may  be  shown  in  connection  1 
with  the  Converse-De  Saulles  zinc  distilling  furnace.  Fig.  706,  in  operation  at 
the  works  of  the  New  Jersey  Zinc 
Co.,  Palmerton,  Pa.  In  the  figure 
the  products  of  combustion  make  one 
zig-zag  pass  in  the  recuperators  on 
either  side  of  the  furnace  through  1 5 
horizontal  flues.  The  number  and 
form  of  flues  have  been  changed  in 
the  latest  furnaces,  and  the  gases 
make  three  passes  instead  of  two. 
There  are  21  flues  (each  12X23  cm.), 
in  a  pass;  the  walls  are  5  cm.  thick; 
the  waste  gas  enters  the  recuperali.ir  ' 
at  i.ioo"  C.  and  leaves  it  at  550"  C, 
at  which  temperature  its  volume  is 
100  cbm.  per  min.  The  volume  t-t 
air  required,  measured  at  standai.l 
conditions,  is  21  cbm.  per  min.;  it 
is  blown  in  under  a  pressure  of  29  j;- 
per  sq.  cm.  The  draft  of  the  stack 
shows  a  depression  of  1.5  mm.  Hg. 
The  problem  is,  how  long  must  the 
air-  and  gas-flues  be  to  reduce  the 
temperature  of  the  waste  gas  from 
I, ICO  to  550°  C,  and  raise  that  of  the 
air  from  20  to  700°  C. 

(A)  Velocity  of  Gases. — The 
cross-section  of  a  gas-flue  is  12X23 
=  276  sq.  cm.;  the  21  f!ues  =  11X276 
=  5.796  sq.  cm.  The  volume  of  the 
waste  gas  entering  the  stack  per  min.  is  100  cbm.;  its  velocity  on  leaving  the 

flues  =  -  '  '  =17,250  cm.  per  min.  =  287.5  cm.  per  sec.  The  velocity  of 
the  waste  gas  entering  the  flues  is  to  the  velocity  leaving  the  flues  as  are  their 
absolute  temperatures.     3;:a87,5  =  (i,roo-f-273)  1(5504- 273),. '.1  =  480  cm.  per 

sec.  entering  the  flue.     The  mean  velocity  is  — — -  ■  -  =384  cm.  per  sec. 


Fiu.  /oo.     Con\Lrbc — Dc  Saullts  rctuperdtor 
zinc  smelling  [umace. 
A,  Vertical  flue  tor  products  of  combustion; 
D  and  £,  cold-air  flues;  F,  recuperative  cham- 
beia;  G,  hot-air  caniLla;  H  and  J,  gaa-flucs;  K, 
horizontal   canal   for  products  of  combustion; 


•  Lc  Verrier,  "ProcidSs  dc  ChaufTage,"  Cauthier-Villars,  Paris,  1901,  p.  138. 

•  Ingnlls,  W.  R.,  "Melalliirgy  of  Zini;  and  Cadmium."  Engineering  and  Mining  Journal, 
New  Voric,  1903. 
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(B)  Velocity  op  Air. — ^The  cross-section  of  an  air-flue  is  - — =0.7854 

4 

X7.6*=45.36  sq.  cm.;  that  of  the  360  air-flues  =  360X45.36  =16,330  sq.  cm. 
The  volume  of  air  entering  the  flues  per  min.  is  21  cbm.  at  standard  conditions; 
at  20°  C.  and  29  g.  pressure  this  is  21.95  cbm.    The  velocity  of  the  air  entering 

,        „  .    21,050,000  .  r,,,  ,       .  , 

the  flue  IS — \r =  1,344  cm.  per  nun.  =  22.4  cm.  per  sec.    The  vdoaty  of 

the  air  leaving  the  flues  is  to  the  velocity  entering  as  are  their  absolute  tem- 
peratures, X : 22.4=  (700+273) : (20+273);  .'.x  =  74.4  cm.  per  sec.    Themean 

22.4+74.4 
velocity  is =48.4  cm.  per  sec. 

(C)  The  coeflScient  of  transfer  from  gas  to  fire-brick  is  o.oooo28(2+\/ij 
=  0.000028(2 +\/384)  =  0.0006048. 

(D)  The  coeflScient  of  transfer  from  fire-brick  to  air  is  0.000028(2-1- V»j 
=  0.000028(2 +\/48.4)  =0,0002509. 

(E)  The  coefficient  of  conduction  of  fire-brick  is  0.0021  per  cm.  thickness, 
or  for  9  cm.^  it  is  0.00023. 

(F)  Heat  absorbed  by  the  air  in  being  heated  from  20®  to  700°  C.  The 
mean  specific  heat  of  air  from  20  to  70°  is  0.322  per  cbm.;  for  the  21  cbm. 
it  is  2iXo.322X(7oo--2o)  =  4,598  kg.  cal.  per  min.  =  76.65  kg.  cal.  per  sec  = 
76,650  g.  cal.  per  sec. 

(G)  Conductance  op  the  System. — This  is 

I  I I - 

thesumof—      — -  =  --j  X  i_     ""1653+3986+4348 

C    D    E    0.0006048     0.0002509     0.000023 

^     =0.0001  for  1°  C.  difference  in  temperature  for  i  sq.  cm.  surface. 
9987 

.  gasentering+gaslea\ing 

The  mean  difference  in  temperature  of  gas  and  air  is ^ 

air  entejing+^rleaving^  iioo+55o_  20+700  ^o  ^ 
-"  2~2  2  45- 

Let  X  =  desired  surface,  then  x  X465X0.0001  =  76,650  g.  cal.  to  be  transferred; 
X  =  1 ,649,000  sq.  cm.  the  mean  between  the  total  surface  of  the  air-  and  the  gas- 
flues.  Assuming  that,  for  standard  conditions  of  gas  and  air,  the  effective 
heating-surfaces  of  the  gas-  and  air-flues  are  in  the  ratio  of  3  12;  the  effective 
surface  of  the  gas-flues  will  be  1,979,000  sq.  cm.,  that  of  the  air-flues  i,3i9>«» 
scj.  cm.  The  mean  between  the  total  surfaces  of  the  air-  and  gas-flue  was  found 
to  be  1,649,000  sq.  cm.  The  total  surface  is  2X1,649,000=3,298,000  sq.cm.; 
this  is  to  be  apportioned  in  the  ratio  of  3  : 2  and  gives  1,979,000  and  1,3^9 fOOo 

sq.  cm. 

(H)  Lkngtii  of  Gas-flues. — ^The  calculation  of  the  above  surface  areas 
is  based  ui)on  the  assumption  of  a  uniform  flow  of  heat  through  all  parts  of  the 

1  The  minimum  thickness  of  fire-brick  between  air-  and  gas-flues  is  7.7  cm.;  in  order  to 
obtain  an  approximate  value,  1/3  the  radius  of  the  air-flues  has  been  added,  which  gives  the 
value  9  cm.  It  is  understood  that  the  fact  that  heat  coming  from  the  ends  of  the  gis^fl«* 
travels  a  longer  distance  has  been  neglected. 
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surface,  but  it  is  evident  that  the  rate  of  flow  through  the  tops  and  bottoms  of 
the  flues  is  much  less  than  that  through  the  sides. 

In  order  to  be  on  the  safe  side,  it  will  be  assumed  that  all  the  heat  passes 
through  the  sides  only.  For  each  cm.  in  length  a  gas-flue  has  2X23  =  46  sq. 
cm.  effective  heating  surface,  or  21  flues  for  three  passes  have  2,8g8  sq.  cm. 
The  desired  length  will  be  — --j?°°°  =  683  cm.  =  6.83  m. 

(I)  Length  of  AiR-FLrES. — As  it  is  impossible  to  calculate  the  rate  of 
transfer  through  each  part  of  the  circumference  of  an  air-tube,  it  will  be  neces- 
sarj'  to  assume  also  here  an  effective  surface  of  transfer  and  thus  be  in  line  to 
use  the  figure  of  total  surface  (1,319,000)  calculated  under  (G).  In  order  to  be 
on  the  safe  side,  it  will  be  assumed  that  this  surface  is  twice  the  diameter  of  a 
flue,  i.e.,  for  each  cm.  in  length,  a  tube  has  2X7.6  =  15-2  sq.  cm.  effective 
surface,  or  360  flues  have  360X15.2  =  5,472  sq,  cm.     The  length  of  each  flue 

IS  therefore — =  240  cm.  =  2. 4  m. 

547^ 

Heating  Blast  by  CotraTER-cuRRENTS  (Pipe-stoves). — Heating  the  air 
for  an  iron  blast-furnace  according  to  the  counter-current  principle  is  carried  on 
in  pipe-stoves,'  that  is,  a  series  of  ex  tern  ally- heated  U-shaped  cast-iron  pipes 
through  which  air  is  forced  by  the  blowing-engine  on  its  way  to  the  furnace 
and  heated  to  a  maximum  of  500°  C.  In  furnaces  with  open-top  apparatus 
such  as  the  Giroux  hot-blast  top,^  the  Kiddie  hot-blast 
system*  and  others  have  been  employed. 

J.  B.  Neilson*  of  Glasgow,  Scotland,  in  1828  patented 
a  blast-heating  apparatus;  in  1S32  his  first  apparatus  was 
introduced  at  the  Garthsherry  iron  works;  he  later  improved 
it,  but  always  used  extraneous  fuel.  In  1832  Faber  du 
Faur'  utilized  the  gases  from  the  iron  blast-furnace  for  heat- 
ing blast  and  thus  laid  the  foundation  of  modern  practice. 

In  the  earlier  forms  of  stoves,  the  entire  blast  passed 
into  the  so-called  tubular  oven  through  a  single  zig-zag 
pipe.  This  was  soon  abandoned,  on  account  of  the  leaky 
joints  caused  by  the  irregular  expansion  and  contraction, 
and  replaced  by  a  scries  of  smaller  U-shaped  pipes,  c,  Fig.  707,  with  ends  fitting 
into  sockets  of  two  mains  a  and  b.  This  arrangement  forms  the  basis  of  all 
early  pipe-stoves.  The  pipes,  originally  circular,  are  preferably  made  oval,  as 
this  form  offers  tor  a  given  area  a  larger  heating  surface;  the  larger  the  surface 
for  a  given  t|uantity  of  air,  the  slower  can  be  the  velocity  of  the  current,  and  slow 
speed  means  large  heating-effect.  However,  a  large  surface  goes  with  a  large 
sectional  area,  and  large  pipes  are  difficult  to  cast.    In  order  to  reduce  the  num- 

I  Wedding,  H.,  "Handbuch  dt-r  EisenhUllcnitunde,"  Vicwcg,  Drunswict,  1906,  Vol.  Ill, 
pp.  S4-9S- 

*Um.  Se.  Press,  1906.  lxxxxiii,  793;  Eirclrockem.  ilrl.  Itid.,  1906,  iv,  430. 

»  Enf.Uin.  /.,  1906,  L-xxxn,  598  (Jacobs). 

*  Sexton,  Weit.  StDlland  Iron  and Stett  Insl.,  ihioiigtiLcdebut,  Slahl  II.  Eiien,  1895,  xv,  jog. 

*I.cdebui,  SuU  u.  Eiien,  1904,  xxiv,  561. 


shaped  blast- beat- 
ing pipe. 
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ber  of  bends,  pipes  have  been  provided  ^th  a  parti  UoD-wall,  as  sbowD  in  Figs. 
708  and  709,  which  forces  the  air  to  make  two  passages  in  a  pipe  before  it  enttrs 
the  next  adjoining.  The  thickness  of  wall  of  a  pipe  has  a  range  of  5/8  to  i  in.; 
the  gray  iron  best  suited  should  not  contain'  elements  in  excess  of  the  foUowing: 
P  o.s  i>er  cent.,  C  3-3.5  per  cent.,  Si  0.7-1.0  per  cent.,  Mn  0,5  per  cent   After 


^  "J         ri  1  [*>  1 1  I  [  1  c t  I  1 1  ( 1  I  n    (  I  I  I '  ' rrv. 

\         r  I  111  c  M  1 1  f  1  M  )  n  \  n    f ;  i  n  cnx) 

^  ,        fri'ii  GHXi  (I  1 11  f.ri  11   cud  n~n~i 


_J 


Fic.  708. — Cleveland  pipe-stove. 


F[C.  709.^ — CleveUnd  pipe-stove. 

being  in  use  for  some  time,  pipes  become  oxidized  on  the  inner  sides  and  do  no' 
transfer  the  heat  as  welt  as  at  first;  they  are  also  likely  to  become  leaky.  Wiui 
large  amounts  of  air  to  be  heated,  it  is  not  advisable  to  have  correspondinpy 
large  stoves,  as  the  pipes  are  likely  to  be  heated  unevenly;  the  remedy  li«  "^ 
'I.edebur,  A.,  "HandbwVv  dw  EfiexAvii'.te'otunde,"  Felix, Leipsic,  igoj,  p.  490. 
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»sii^  the  number  of  stoves.  In  order  to  raise  the  temperature  of  i  cu.  ft. 
Mr  min.  from  say  15  to  450°  C,  not  less  than  0.6  sq.  ft.  of  heating  sur- 
fs required,  supposing  the  velocity  of  the  air-current  not  to  exceed  50 
■r  sec, 

•ipe-stoves  have  lost  their  former  importance;  they  are  still  in  use  with  Iott- 
>erature  charcoal- furnaces,  and  some  anthracite  furnaces;  they  have  main- 
ed  their  original  prominence  with  iron  blast-furnaces  smelting  ore  rich  in 
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Fics.  710  and  711. — Ford  pipe-stove. 


;  -  Chlmsty 


as  the  fumes  quickly  clog  the  passages  of  brick  stoves.     According  to  the 
ion  of  the  pipes,  stoves  are  classed  as  having  standing,  lying  and  suspended 


"he  Ford  Pipe-stove,  Figs.  710  and  711,  is  an  old  form  of  stove  formerly  used 
;  extensively  with  the  I-ehigh  Valley  anthracite  furnaces.  Cold  air  from 
>la5t-main,  A,  enters  a  branching  battery  of  inverted  U-shaped  pipes  at 
ight  end  of  a  heated  brick  chamber,  H,  and  after  passing  through  the  pipes 
dicated  by  the  full-drawn  arrows,  the  hot-blast  is  gathered  into  tha  hot- 
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blast  main,  T,  at  the  opposite  end.  The  tunnel-head  gas  enters  the  combustkni 
chambers,  C,  through  burners,  D,  and  the  air  through  the  annular  spaces,  E; 
the  gases  bum,  the  products  of  combustion  ascend  influes/,  pass  into  the  heal- 
ing-chamber H,  travel  from  left  to  right,  and  leave  by  the  chimney  /. 

The  Cleveland  Pipe-stove,  Figs.  708  and  709,  is  represented  by  the  sttne  il 


Gleiwilz,  Silesia.'  Thorc  arc  three  rows  of  vertical  pipes;  each  pipe  has  one 
partition-wall  and  two  strengthening- ribs;  the  open  top  is  closed  by  a  colUr 
made  air-light  with  a  lute.  A  pipe  is  18  ft.  6  in.  long,  2  ft.  a  in.  wide,  and?  i/i 
in.  deep  inside;  the  inner  cross-sectional  area  is  1.57  sq.  ft.,  the  outer  heating- 


'  H'jrbmiT,  Zl.  licTg.  IliiMcn.  Sal.  \V(^ 


i.,\'i%i,-«; 
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surface  97  sq.  ft. ;  the  stove  has  18  pipes  with  a  content  of  1,260  cu.  ft.,  and  offers 
a  heating-surface  of  2,655  ^Q*  ^^*  ^^^^  blast  arrives  through  the  vertical  pipe  at 
tlie  right,  is  split  into  three  branches,  and  zig-zags  up  and  down  from  right  to  left 
through  the  pipes  traveling  a  distance  of  206  ft. ;  at  the  left  the  branches  combine 
and  form  the  hot-blast  main.  The  heating-gas  enters  at  the  left  above  the  grate, 
carrying  glowing  coal,  and  is  ignited.  The  flame  enters  the  larger  heating 
chamber  through  16  ports,  rises,  passes  over  the  division-wall,  descends  in  the 
smaller  chamber,  leaves  this  through  8  ports,  and  enters  the  flue  that  leads 
to  the  stack.  Three  stoves  can  h^t  5,600  cu.  ft.  air  per  min.  to  600°  C,  but 
at  this  temperature  the  pipes  begin  to  soften,  twist  and  crack;  usually  the  tem- 
perature is  held  at  400  to  500**  C,  but  occasionally  it  is  raised  to  520°.  The 
Haas  stove^  is  similar  in  its  leading  features. 

The  Durham  Stove,*  a  third  form,  is  the  one  designed  by  E.  Cooper  for  the 
Durham  blast-furnaces  at  Riegelsville,  Pa. ;  it  has  become  the  standard  for  New 
Jersey  and  Eastern  Pennsylvania.  One  of  its  latest  forms,  as  constructed  by 
the  Hartman  Co.  of  Philadelphia,  is  shown  in  Figs.  712  to  714.  This  represents 
a  30-pipe  double  stove.  Each  stove  has  3  rows  of  pipes  and  10  pipes  in  a 
row.  Sometimes  a  stove  has  4  rows  of  pipes,  but  never  more  than  10  in  a 
row.  The  characteristic  of  the  Durham  stove  is  that  the  burning-gas  and  cold- 
blast  enter  at  the  same  end  of  the  stove  and  travel  through  it  in  the  same  direc- 
tion, so  that  there  is  no  coimter-current  system.  The  advantage  claimed  for 
the  procedure  is  that  the  pipes  are  protected  from  destruction  where  the  flame  is 
hottest,  but  this  is  done  at  the  expense  of  an  imperfect  utilization  of  the  heat 
developed.  The  stove  is  an  oblong  block  35  ft.  3  3/4  in.  by  20  ft.  2  in.,  and 
i8  ft.  8  1/4 in.  high;  the  strongly  ironed  vertical  walls  are  red-brick  on  the  outside, 
fire-brick  on  the  inside;  the  straight  sloping  roof  is  built  of  guttered  iron  plates, 
9  in.  wide,  that  are  lined  with  refractory  tiling  6  in.  thick;  the  chimneys  are  of 
3/16-in.  iron.  In  one  end-wall  are  the  ports,  21X15  1/2  in.,  for  four  14-in.  jet- 
burners;  the  gas  is  ignited  in  a  combustion-chamber,  8  ft.  2  in.  X  2  ft.  6  in.,  from 
which  the  flame  passes  into  two  heating-chambers,  each  24  ft.  10  in.  X  7  ft.  10  in. 
and  14  ft.  high,  through  four  slots,  5  ft.  X  6  in.,  placed  opposite  the  opeii  spaces 
between  the  pipes,  and  between  the  pipes  and  walls.  Beneath  the  gas-ports 
are  small  cleaning-doors,  6X11  in.,  which  furnish  access  from  the  outside,  while 
the  stove  is  in  operation,  and  thus  provide  a  means  for  insuring  a  uniform  dis- 
tribution of  flame.  This  travels  through  the  chamber  in  four  streams,  leaves  it 
through  four  slots,  4  ft.  6  in.  X 6  in.,  terminating  in  a  main  flue,  8  ft.  2  in.Xi  ft. 
6  in.,  that  carries  four  iron  chimneys,  28  3/4  in.  in  outside  diam.  There  are  two 
cold-blast  mains,  one  for  each  section.  A  main,  15  in.  in  diam.,  delivers  the  air 
to  a  distributing  bed-pipe  which  feeds  three  rows  of  heating-pipes;  the  last  pipe 
of  each  row  ends  in  a  receiving  bed-pipe  which  is  connected  with  the  hot-blast 
main.  The  heating-pipes,  14  ft.  long  with  9-in.  outside  and  6  7/8-in.  inside 
diameters,  are  placed  13  5/8  in.  between  centers.  The  bed-pipes,  which  are 
short  and  free  to  move,  are  embedded  in  the  clay  filling.     The  60  pipes  of  the 

*  Eng,  Min.  /.,  1904,  Lxxvin,  1028. 

«  Fackenthal,  Tr.  A.  I.  M.  E.,  1885-86,  xiv,  130. 
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double  stove  have  a  heating-surface  of  3,900  sq.  ft.,  or  65  sq.  ft.  for  each  pipe 
It  is  safe  to  say  that  i  sq.  ft.  heating-surface  is  sufficient  for  2  cu.  ft.  air  (piston- 
displacement)  to  be  maintained  at  500  to  540°  C. 

Vertical  stoves  having  from  6  to  8  superimposed  rows  of  horizontal  zig-zag 
pipes,  with  or  without  partition-walls,  are  called  Langen,  Westphalian,  Lothaiin- 
gian.  They  were  in  operation  from  about  1850  to  1870;  the  cold-blast  entered 
at  the  top,  and  the  burning-gas  at  the  bottom  of  the  heating-chamber.  These 
stoves  have  the  advantage  that  the  coimter-current  system  of  heating  is  more 
pronounced  and  hence  more  efficient  than  with  stoves  having  vertical  pipes; 
the  main  disadvantage  is  that,  on  accoimt  of  a  tendency  to  break,  the  pipes  can- 
not be  longer  than  10  ft. ;  it  is  therefore  necessary  to  have  a  large  nxmiber  of 
pipes  which  results  in  increased  cost  of  plant  and  greater  consumption  of  power 
because  of  the  friction  caused  by  the  large  nimiber  of  turns  the  blast  has  to 
make. 

Vertical  stoves  with  suspended  pipes^  have  been  constructed  with  the  ex- 
pectation that  the  pipes  beipg  able  to  expand  and  contract  freely  would  not 
crack  at  the  bends.  It  was  foimd,  however,  that  the  pipe  subjected  to  tensile 
strains  quickly  enlarged  any  slight  crack  that  had  formed.  This  type  of  stove 
has,  therefore,  been  almost  wholly  abandoned;  it  shares  with  that  having 
horizontal  pipes  the  disadvantage  that  the  curved  connecting  bends  lie  outside 
of  the  heating-chamber. 

It  has  been  proposed,  to  utilize  the  waste  heat  of  slags  from  copper  blast-fur- 
naces for  preheating  the  blast.  Of  the  different  apparatus,  those  of  Bretherton,' 
and  Lang,^  have  gained  some  prominence  (see  also  §213). 

The  following  example  gives  in  outline  a  calculation  of  a  pipe-stove.  The 
cast-iron  pipes  are  3  m.  long,  25  cm.  in  inside  diam.,  and  2.5  cm.  thick.  There  are 
to  be  heated  per  sec.  8.8  cbm.  of  air  (standard  conditions),  from  20  to  450°  C; 
the  blast  pressure  is  0.7  kg.  per  sq.  cm.  (515  mm.  above  normal).  The  tempera- 
ture of  the  stove  is  900°  C;  the  velocity  of  the  air  6  m.  per  sec.  cold,  and  15  m. 
per  sec.  hot;  the  velocity  of  the  gases  2  m.  per  sec.  How  many  pipes  are  to  be 
placed  in  scries  and  how  many  in  a  row? 

(A)  Pipes  in  Series. — The  cross-section  of  a  pipe  = =0.7854X625=491 

4 

sq.  cm.  =0.0491  sq.  m.     The  volume  of  air  passing  through  a  row=areaXmax- 

imum  velocity  =  0.0491X15  =0.7365  cbm.  per  sec.     The  total  volume  air  per 

«Q     1  ,     or  y     r  .w       8-8  X  (450+ 273)  X  7^0 

sec.  =  8.8  cbm.  at  o     C.  and  760  mm.  pressure;  this  = z^/~^ — ; \~~ 

'  ^  273X(76o+5i5) 

=  13.86  cbm.  per  sec.  at  450°  C.  and  1,275  mm.  pressure.     The  number  of  pipes 

•II  I       ^.^-^^ 
111  scTics  Will  be  -       ^    =10. 

0-7365 
(H)  Pipes  in  a  Row. — The  number  of  pipes  to  be  placed  in  a  row  is  governed 

'  Hirkinl)ine    Tr.  A.  I.  Sf .  E.,  1875-76,  iv,  208. 

W'cndt,  op.  cil.,  1886-87,  xv,  78;  Circular,  Colorado  Iron  Works,  Denver,  Colo. 
'  I'.fii^.  Min.  7.,  1890,  Lxviii,  604,  698;  1900,  Lxrc,  614;  Lxx,  760;  Jfin.  5c.  Pr«i,  i9<»» 

LXX.M.  572;  191  2,  CIV,  243. 

'iLMg.  Mitt.  7.,  1896,  Lxu,  79\  i90o,\xx.,no,  :S'J>V.^^^>^:«2«sjaii^qi6. 
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by  the  rate  at  which  the  heat  is  absorbed  by  the  air  in  a  row.    The  air  passing 

8.8  '  . 

through  each  row  =  -^  =  0.463  cbm.  per  sec.  =  o.  599  kg.  per  sec.    With  the  mean 

specific  heat  =0.244,  the  total  heat  conveyed  is  =o.599Xo.244X(4So— 20)  = 
62.85  ^E'  cai.  per  sec.    The  coeflSdent  of  transfer  from  gas  to  pipe  (mean  velocity 

2  m.  per  sec.)  is  0.000028  (2+ V»)C.G.S.  =0.000028(2 +V200)  =0.0004519  g.  = 
cal.  per  sq.  cm.  =0.004519  kg.  cal.  per  sq.  m.    The  coeflScient  of  transfer  from 

pipe  to  air  (mean  velocity  10.5  m.  per  sec.)  is  0.000028  (2 +\/»)  =0.000028 

(2+V  1,050)  =0.000963  g.  cal.  per  sq.  cm.  =0.00963  kg.  cal.  per  sq.  m.  The 
coefficient  of  conduction  for  2.5  cm.  cast-iron  is  0.14 :  2.5  =0.056  g.  cal.  per  sq. 
cm.  =0.56  kg.  cal.  per  sq.  m.    The  resistance  of  the  system 

I  ^ I I I 

""conductance" i ,        i       , i_"22i.3+io3.7  +  i.78""  326.8 

0.004519    0.00963     0.56 
=0.00306  k.  cal.  per  sq.  m.  of  surface  per  deg.  C. 

The  difference  in  temperature  outside  and  inside  of  a  pipe  is  at  entrance 

900—20=880**  C,  at  exit  900—450=450°  C;  the  mean  difference = ^ 

=  665°  G. 

Let  X = surf  ace  required,  then  Of  X  0.00306  X  665  =  62.85  kg.  cal. ;  Of  =  30.88  sq.  m. 
The  surface  area  of  each  pipe  equals  inner  surface  times  length  =;rZ)/=3.i4i6 

Xo.25X3  =  2.36  sq.  m.    The  number  of  pipes  in  a  row  = — ^=13  pipes. 

As  19  pipes  in  series  is  inconvenient  to  heat  in  one  furnace,  there  will  be  re- 
quired 2  stoves,  one  with  10  pipes  in  series  and  13  in  a  row,  and  the  other 
with  10  and  13  respectively. 

324.  Siemens  (Regenerator)  System  in  General. — The  characteristic  of 
pre-heating  in  the  regenerator  system,  invented  by  F.  Siemens^  in  1856,  is  that 
it  is  intermittent  with  two  alternating  operations:  conducting  hot  waste  gas 
through  a  chamber  filled  with  loosely-set  refractory  material  in  order  to  heat 
this  and  cool  the  gas,  and  then  conducting  air  or  fuel-gas  in  the  opposite 
direction  through  the  same  chambers  that  it  may  take  up  the  heat  stored  in 
the  refractory  material  and  thus  become  pre-heated.  The  manner  in  which 
this  principle  of  pre-heating  is  carried  out  with  a  reverberatory  furnace  differs 
greatly  from  that  with  the  blast-furnace.  With  a  reverberatory  furnace  the 
heat  contained  in  the  products  of  combustion  is  stored  in  the  chambers;  with  a 
blast-furnace,  the  tunnel-head  gas  which  has  fuel-value  is  burnt  in  the  chambers; 
with  a  reverberator^'  furnace  fired  with  producer  gas,  both  gas  and  secondary 
air  are  drawn  or  forced  through  the  chambers;  with  the  blast-furnace  air  alone 
is  blown  through  them. 

325.  Siemens  Regenerator  System  in  the  Reverberatory  Furnace.— The 
regenerative  system  is  used  in  most  reverberatory  furnaces  in  which  high  tem- 
peratures are  to  be  obtained;  it  is  used  also  in  furnaces  not  demanding 

*  Editorial,  Stahl  it.  Eiserty  1904,  xxiv,  731. 
Beck,  op.  ciL,  1906,  xxvi,  142 1. 
Le  Chatelier,  Rev,  MiL,  1Q07,  iv,  212. 
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high  temperatures  on  account  of  the  satisfactory  recovery  of  heat,  and  thii 
in  spite  of  the  facts  that  producer  gas  has  first  tci  be  cooled,  involving  a  loss 
of  30  per  cent,  of  its  heat-value,  to  drop  its  tarry  compounds  which  would 
clog  the  regenerators,  that  flue  dust  is  liable  to  slag  the  refractory  materiil, 
and  that  the  cost  of  plant  is  very  high.    The  manufacture  of  open-hearth  std 
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Fills.  ;is  to  717.— Sirmcn's  open-hearlh  steel  furnace.  Fio.  718. — PerspecliiT  \itwOi 
Sii-miTi's  rvBcncrators.  Fic,  719. — Bullcrfly-valve. 
Fiiis,  715  lo  T'o. — ».  Ilcarth-botlom;  1,  hearth;  3,  flues  leading  Ironi  gas-chambcf  M 
lii'iirlli;  .(,  tlurs  Ifiulinj;  fnim  air-chamber  to  hearth;  5,  air-ports;  6,  gas-ports;  7,  gas  rtj^n- 
■'I  lit  I T  I  liaiiilicr:  S.  air  r(');i'nvral(>r  chamber;  9,  checker-work;  10,  charging-doors;  II,  Up-btfk 
niiU  >|H>ui;  I  J.  Ill'  riHfs;  1  j,  buikslaves;  14,  flues  to  and  from  re  versing- valves;  15,  builtrfy- 
ViiIm-;  ic,  riHif;  17,  l»iUi>m-[iUies;  iS,  flue  to  stack;  19,  flue  from  cold-air  inlet;  and  io.flw 
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lot. 


liv  Miirlin  in  18(15  became  successful  only  by  the  use  of  regenerators;  most 
iiIitI  lii'iiliiiK  lUiii  -smelting  furnaces  have  regenerators;  some  zinc  and  coj^- 
(.inilliiirt  furniiri'S  iire  similarly  pro\-ided;  the  Otto-Hoffmann  by-product cokii^ 
nvrii,  I'igH  i,so  iinil  mo,  is  a  representative  of  this  type. 

'I'lii-  K'"'"""!'  ttrrangfwc^^  »«*  '^^^  '^^  ov«»Si^1.  we  shown  in  connectioB 


■Sis" 

*^rith  Figs,  715  to  717,  based  upon  drawings  by  Campbell/  which  represent  the 
old  standard  type  of  open-hearth  steel  furnace.  Fig.  718,  by  Richards'  shows 
the  travel  of  gas  and  air,  and  Fig.  719,  the  butterfly- valve. 

If  the  furnace  is  in  normal  working  order,  cold  gas  (C.G.)  and  cold  air 
(C.A.)  enter  through  flues  20  and  19,  respectively,  above  the  butterfly-valves 
IS,  travel  through  14  and  ascend  in  checkerwork,  9,  of  the  gas,  7,  and  air,  8, 
regenerative  chambers,  take  up  heat  stored  there,  leave  the  chambers  as  hot 
gas  (H.G.)  and  hot  air  (H.A)  through  flues  3  and  4,  uniting  at  their  termina- 
tions 5  and  6,  and  burn.  The  flame  passes  over  hearth  2  and  leaves  through  flues 
3  and  4  at  the  right.  The  hot  waste  gases  (H.W.G.)  descend  through  checker- 
work  9,  of  regenerative  chambers  7  and  8,  at  the  right,  leave  them  through  14, 
pass  underneath  the  butterfly-valves  15,  enter  as  cold  waste  gas  (C.W.G.)  flue 
18  leading  to  the  cfiimney. 

After  from  1/2  to  1  hr.'  valves  15  are  reversed,  and  gas  and  air  now  travel 
in  the  opposite  direction,  from  right  to  left.  With  every  reversal  of  the  gas 
and  air  currents  the  temperature  will  be  raised  because  the  amount  of  heat 
stored  in  the  checkerwork  is  being  constantly  increased,  and  because  a  nearer 
approach  is  made  to  perfect  combustion  with  a  smaller  excess  of  air  over  the 
theoretical  amount.  The  absorption  of  heat  by  the  charge  and  the  loss  by 
radiation  usually  prevent  overheating;  it  is,  however,  necessary  to  regulate  the 
admission  of  gas  and  air  in  such  a  way  that  the  temperature  of  the  regenerators 
shall  not  exceed  i  ,000°  C.  Le  Chatelier's  measurements*  in  a  steel  open-hearth 
furnace  gave  the  gas  leaving  the  regenerator  5  min.  after  reversal  of  valves 
i,aoo°  and  the  air  1,070°  C. 

It  has  been  shown  ( J3 1 1)  that  the  draft  of  a  chimney  is  at  its  maximum  with 
an  average  gas  temperature  of  273°  C,  and  that  there  is  little  difference  in  draft- 
power  within  the  range  of  aoo  and  300°  C;  hence  in  a  steel  smelting  furnace  the 
checkerwork  ought  to  be  large  enough  to  cool  the  gases  from  i  ,500'  to  i  ,600  down 
to  200"  C. ;  the  larger  the  regenerator  the  more  slowly  will  it  give  up  the  heat  stored 
in  it,  and  the  less  frequent  need  be  the  reversing  of  the  valves.  Griiner'  calcu- 
lates that  with  producer  gas  a  pair  of  regenerators  should  contain  50  kg.  brick- 
work (specific  heat  0.23-0.25)  for  each  kg.  bituminous  coal  gasifled  between 
two  reversals  of  valves;  generally  60  kg.  are  given  with  i  hr.  between  two 
reversals.  Now  60  kg,  fire-brick  (sp.  gr.  1.8)  have  a  surface  of  0.033  cbm.  and, 
as  only  half  of  the  surfaces  form  flues,  2X0.033  =  0.066  cbm.  per  kg.  coal,  or 
2,115  cu.  ft.  per  short  ton  coal  gasified  per  hr.  will  be  required,  or  approximately 
I  cu.  ft,  per  lb.  coal  per  hr.  The  cross-section  of  regenerators  must  be  large  to 
prevent  the  gases  from  rushing  through.     For  every  2,000  lb.  bituminous  coal 

*Tr.A.l.M.E..  i8g3,xxn,358. 

'  "Notes  on  Iron,"  Inatilute  of  Technology,  Boston.  1895.  p.  104. 

•Juon:  Graphical  Records  of  Temperature  Changes,  5/oA/ 11.  Eisen,  igii.xxxti,  1774,  1869, 
1873. 

*  Howe,  Eng.  Min.  J.,  1890,  l,  41&. 

*  Le  Chatelier's  measurements  {he.  cU. )  gave  1,500'  C.  as  the  temperature  of  a  steel  smelling 
''  foniace  at  the  moment  of  casting. 

•Trail*  de  Mitallurgie,  1.  p,  383. 
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gasified  per.  hr.  a  pair  of  regenerators  should  have  a  cross-section  of  250  to  300 
sq.  ft. ;  with  lignites  190  to  200  sq.  ft.  is  ample.  If  z  kg.  of  bituminous  coal  is 
burned  with  20  to  25  per  cent,  excess  air  over  the  theoretical,  it  3rields  11  cbm.  of 
products  of  combustion  at  0°  C.  or  48.3  cbm.  at  1,200**  C.  With  100  kg.  (220 
lb.)  coal  per  hr.  and  a  temperature  of  1,200°  C.  of  products  of  combustion,  1.3 
cbm.  (46  cu.  ft.)  of  gases  will  pass  through  1.24  sq.  m.  (13  sq.  ft)  of  open  spaces 
in  the  checker  work  at  a  rate  of  3.28  ft.  per  sec.  The  cross-section  of  the  gas- 
chamber  is  made  smaller  than  that  of  the  air-chamber,  viz.,  3  :4  or  2  :3,  although 
the  volume  of  air  required  is  approximately  the  same  as  that  of  the  producer 
gas.  The  reason  for  this  is  that  the  gas  entering  the  r^enerator  is  already 
warm  while  the  air  is  cold. 

Modern  forms  of  open-hearth  steel  furnaces  and  details  of  construction 
belong  to  a  discussion  of  the  manufacture  of  open-hearth  steel.  Lebedeff- 
PomeranzeflF  have  constructed  an  open-hearth  furnace  for  solid  wood  with 
regenerative  chambers  for  heating  the  air.^ 

326.  Siemens  Regenerator  System  in  the  Blast-furnace. — The  regenerative 
apparatus  serving  to  pre-heat  the  air  for  the  blast-furnace  goes  by  the  name  of 
brick-stove.^  It  was  introduced  into  iron  smelting  by  Cowper  in  i86o.'  The 
blast-temperature  can  be  raised  by  it  to  800°  C. 

Hartman*  states  with  its  use  in  iron  smelting,  by  replacing  pipe-stoves 
heated  to  480°  C.  with  brick-stoves  heated  to  760®  C,  a  saving  of  15  per  cent  of 
fuel  and. an  increase  of  20  per  cent,  in  the  production  of  iron  has  been  effected. 

A  brick  hot-blast  stove  is  a  cylinder  of  boiler  iron  with  a  dome-shaped  top, 
filled  with  fire-brick  of  different  shapes  and  forms  having  passages  through  which 
gases  or  air  may  pass  freely.  Between  the  iron  shell  and  the  brickwork  there  is 
an  expansion  space,  i  1/2  to  2  in.  wide,  filled  with  loose  material.  In  iron-smelt- 
ing brick-stoves  are  mounted  in  groups  of  3  and  even  5  for  a  furnace,  Fig.  738. 
There  are  two  periods  in  operating  them,  one  of  storing  up  heat  and  one  of  giung 
out  heat.  When  two  or  three  stoves  are  being  heated  by  burning  gas  in  them 
("they  are  on  gas''),  one  is  giving  out  the  stored  heat  to  the  cold-blast  passing 
through  it  (**is  on  air*');  gas  and  air  travel  alternately  in  opposite  directions. 
From  5  to  6  sq.ft.  of  heating  surface  are  necessary  for  i  cu.  ft.  of  air  per  min.,  the 
velocity  of  the  cold  air  being  6  to  6  1/2  ft.,  that  of  the  hot  air  16  to  26  ft  per  sec. 
Stoves  are  18  to  24  ft.  in  diam.  and  about  60  ft.  high;  in  the  last  few  years  the 
height  has  been  increased  to  80  and  even  100  ft.  The  fire-brick*  must  be 
refractory,  strong  and  porous;  should  they  become  glazed  by  heat  alone  or  by 
the  fuel  dust  (gas-ashes),  which  is  rich  in  iron,  they  would  practically  cease  to 
absorb  any  heat.     The  construction  of  a  stove  must  be  such  as  to  permit  a  ready 

*  yfctallurgie,  19 lo,  vii,  332. 

2  Diehl,  Iron  Age,  191 2,  lxxxdc,  580;  Eng.  Mag.,  1912,  XLili,  265. 

^  Teichgriibcr,  Stahl  u,  Eisniy  1902,  xxii,  323. 

^  J .  Frankl.  Inst.,  1886,  cxxi,  321. 

^Lurmann,  SiaJd  u.  Risen,  1901,  xxv,  785. 

(ircuvcs- Walker,  Iron  Trade  Rev.,  Aug.  23,  1906,  p.  17. 

Harbison- Walker,  op,  cit.^  1909,  xliv,  hi. 
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soval  of  these  ashes,  which  are  always  carried  aloog  by  the  gases  to  a  greater 

less  extent 

All  Imck-stoves  may  be  considered  as  belonging  to  one  of  two  types:  the 


S«cHonal  Plon;  e\an  of  Top 

Figs.  720  lo  713. — Whitwcll  hot-blasl  stove. 

itweil,  in  which  gas  and  air  make  more  than  two  passes;  and  the  Cowper, 
irhich  they  make  two  passes  only. 

1.  The  Whitwell  Stove'     The  Whitwell  stove  has  undergone  many  changes 
Gordon,  Tr.  A.  I.  M.  £.,  iSSi,  ix,  480. 
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in  the  details  of  construction  since  the  first  was  erected  in  1869.  Figs.  72010 
723  represent  a  four-pass  stove  (diam.,  17  ft.;  height,  60  ft;  heating  surfaa, 
9,000  sq.  ft.) I  constructed  in  i88i  by  Witherow  and  Gordon  of  Pittsburgh,  Pa. 
Gas  or  air  makes  four  passes  before  it  enters  the  flue  or  the  hot-blast  main. 
To  the  left  of  the  stove  is  the  combustion-chamber.  The  burning-gas  coming 
from  the  gas-main  passes  through  sliding  valve,  a,  enters  the  combustion- 
chamber  through  a  bell-mouthed  opening  6;  here  it  meets  air  which  has  been 
drawn  in  through  valves,  c  and  J,  in^o  the  vault,  «,  and  thence  through  the  ver- 
tical ports,  /;  the  gas  becomes  thoroughly  mixed  with  the  air  and  bums  quickly 
and  any  imperfect  combustion  in  the  chamber  is  finished  in  dome,  g.  The  prod- 
ucts of  combustion  zig-zag  through  the  oblong  flues  of  the  checkerwork  in 
the  three  chambers,  as  shown  by  the  full-drawn  arrows,  and  pass  off  into  the 
chimney-flue  through  water-cooled  puppet-valve,  A.  The  chambers  rest  on 
brick  arches  leaving  open  spaces  beneath  which  serve  as  dust-chambers;  they 
have  peep-holes,  i,  for  watching  the  interior.  The  gas  when  burning  expands; 
later  it  contracts  while  heat  is  being  absorbed  by  the  checkerwork;  the  flues  in 
the  third  regenerator  are  therefore  smaller  than  those  in  the  first  and  second. 
Instead  of  burning  all  the  gas  in  the  combustion-chamber,  only  part  of  the  air  is 
admitted  here  and  the  rest  through  valve -7,  at  the  bottom  of  the  first 
regenerator.  This  is  called  burning  back  and  is  accompanied  by  a  higher 
temperature. 

When  a  stove  has  been  heated  and  is  to  be  put  on  air,  gas-valve  j,  air-valves 
c  and  <f ,  and  chimney-valve  h  are  closed,  and  then  gate-valve  k  in  the  cold-blast 
main  and  water-cooled  puppet- valve  /  in  the  hot-blast  main  opened.  The  cold- 
blast  going  in  the  opposite  direction  of  the  products  of  combustion,  as  shown 
by  the  dotted  arrows,  ascends  through  the  smaller  flues  in  the  3d  regenerator, 
then  zig-zags  through  the  2d  and  ist  regenerators  taking"  up  more  and  more 
heat,  finally  descends  in  combustion-chamber,  and  passes  off  through  flue  h 
and  hot-blast  puppet-valve  /  into  the  hot-blast  main. 

The  vertical  section,  Fig.  720,  shows  the  cleaning-device,  a  suspended  scraper, 
fw,  which  is  raised  and  lowered  in  the  flues.  The  main  advantage  of  the  Whit- 
well  stove  over  other  forms  is  that  the  flues  are  easily  cleaned;  the  disadvantages, 
however,  are  so  great  that  ver>'  few,  if  any,  stoves  of  this  class  are  built  at  present. 
For  a  given  cubical  capacity  of  stove,  the  amount  of  brickwork  is  large,  the 
heating  surface  small,  and  the  friction  great,  requiring  a  high  chimney  and 
causing  much  back-pressure^  upon  the  blowing-engine. 

2.  The  Gordon  Three-pass  Stove. ^  Figs.  724  to  727  represent  horizontal  and 
vertical  sections  and  in  part  plan  and  elevation  of  a  23X60  ft.  stove  ^ith 
28,000  sq.  ft.  heating  surface.  The  gas  is  admitted  through  valve,  L,  into  com- 
bustion-chamber. My  the  products  of  combustion  descend  through  regenerator, 
A',  into  chamber,  /,  ascend  through  regenerator  flues,  E  and  Z>,  and  pass  off  into 
the  open  through  stack,  A.  In  order  to  secure  the  same  heating-surface  as  a 
4-pass  Whitwell  stove,  the  number  of  flues,  Z>,  in  the  upper  part  of  pass,  Z),  has 

*  OrUncr,  Ann.  Mines,  1872,  11,  295. 

« Strobcl,  Tr.  A.  /.  M.  £.,  1885-86,  xi\',  159. 


I     been  increased  an 
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been  increased  and  Ihe  thickness  of  brickwork  correspondingly  decreased.  Eacbl 
stove  has  an  individual  stack;  this  does  away  with  the  underground  flues  and  f 
the  large  centra!  stack  of  a  set  of  Whitwell  stoves. 


Fics.  724  to  727. — Gordon  three-pass  hot-blast  stove. 
Figs.  724  to  71J.— .1 ,  drafl-slacki  B,  cold-blaat  valve;  C,  man-hole;  E  and  D,  rcEcneralon; 
P,  lintcb  [at  support  of  checkers;  G,  longitudinal  arches  for  support  of  regenerators;  H,  cleaning- 
door;  /,  chamber;  K,  hot-blast  valve;  L,  gas  inlet-valve;  hf,  combustion-chamber;  N,  regen- 
erator flue;  0,  cleaning-hole;  F,  gas-pipe  (or  cleaning  regenerator  N\  R,  platform;  and  Y,  a 
division-waU. 

3.  The  Hugh  Kennedy  One-pass  Hot-blast  Stove.'     Figs.  728  to  731  repre- 
sent a  stove  16X45  ft-  wilh  57,840  sq.  ft.  heating-surface.     The  burning-gas 
'  Coffin,  Tr.  A.  I.  M.  £.,  1893-93,  xxi,  710. 
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arrives  in  two  underground  mains,  Fig.  729,  enters  the  stove  near  tbebottil 
througli  six  Spearman  (see  Fig.  751)  burners,  Fig.  728,  730,  and7ji,  1 
burns  in  three  chambers.     The  products  of  combustion  rise  in  these  dumbeis, 


make  a  dngle  pass  and  leave  through  two  small  stacks.  Figs.  728  a 
provided  with  dampers.     The  cold-blast  enters  at  the  left  of  Fig.  728, 1 
four  passes,  as  in  a  Whilwell  stove,  and  leaves  at  the  right  as  hot-blast. 
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cs  claimed  for  this  construction  are,  cheapness,  uniformity  of  tempera- 
freedom  from  dust  troubles.  A  doubt  is  expressed  whether  the  heat 
xlucts  of  combustion  is  as  well  utilized  as  in  other  types, 
le  Massicks  and  Crooke  Thiee-pass  Hot-blast  Stove.'  Figs.  733  and 
sent  a  stove  i8X6o  ft  with  a  heating  surface  varying  from  35,000  to 
,  ft.  depending  upon  the  pvirity  of  the  gas.  The  burning-gas  enters 
lustion-chamber  through  the  inlet  near  the  bottom  and  bums;  the 


Fics.  732  and  73,!. — Massirts  and  Crooke  three- pass  hot -blast 


of  combustion  rise,  are  deflected  by  the  dome  and  make  a  down-pass 

3t  row  of  annular  flues,  turn,  rise  through  flues  of  a  double  annular 

and  pass  off  at  the  top. 

:old-blast  traverses  a  slide-valve,  enters  the  stove  at  the  top,  travels 

:tion  opposite  to  that  of  the  gases,  as  shown  by  the  arrows,  and  leaves 

t  through  the  hot-blast  pipe  near  the  bottom. 

re  recent  form  is  shown  in  Figs.  734  and  735,     This  is  a  4-pass  stove; 

,e,  Tr.  A.  M.  E..  1890-91,  xix,  1636.  /.  /.  and  St-  J-,  tSsw,  11,  340. 
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the  legend  denotes  the  different  parts.     Another  4-pass  stove  is  thai 
Anbalt  Maschincn  Action  Geseilschaft.' 

5.  TheCovt'per-Kennedy  Hot-b  last  Stove  with  Lateral  Combustion-chai 
In  the  Whitwell  stove,'  70  per  cent,  of  the  heat  of  the  products  of  comb 
of  the  burning  gas  is  taken  up  by  the  combustion  chamber  and  the  first 
erator.  If  the  heating  surface  of  the  regenerator  be  sufficiently  large,  one  1 
pass  should  be  enough  to  absorb  practically  all  the  heat.  This  is  the  gi 
idea  of  the  Cowpcr  tj'pe  of  stoves,  all  of  which  have  two  passes.     Figs.  7; 


Figs.  734  and  735.  — Massicks  and  Crajke  fimr-pass  hoE-blasl  ifow 

737  represent  a  stove  21X72  ft.  6  in.  constructed  for  the  iron blast-furnacesfl 
E  of  the  Edgar  Thomson  Steel  Works  having  a  heating  surface  of  30,200  sf 

The  bricks  forming  the  stove  are  hexagonal;  they  are  10  in.  across 
have  circular  openings  6  in.  in  diam.  In  later  constructions*  these  dimaM 
have  been  increased  to  12  in.  across  and  9  in.  In  diam.  The  bricks  are  i! 
deep,  except  in  the  bottom  and  top  courses  where  they  are  6  in.  deep. 

6,  The  Cowper-Kennedy  Stove  with  Central  Combustion-chamber.*    I 

'  Iron  Agf,  1912,  xc,  916. 

'  Kennedy,  J.,  Tr.  A.  I.  M.  F...  i88i-8i,  x,  455. 

'  Coflin,  op.  cil.,  1892-93,  XXI,  730. 

*  Iron  Age.,  1890,  XLVi,  43. 

'  I)u([uesne  Plant,  Pillsliur);h,  Pa.,  Iron  Age,  March  25,  1897,  p.  lo;  Buffalo  &  linqiKfc 
Iron  Co.,  Buffalo,  N.  V.,  op.  cil.,  Aug.  6,  ipoj,  p.  i;  Republic  Iron  &  Sleel  Co.,  Yomipl 
0.,  Iron  Trade  Kn.,  1007,  XL,  611, 
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738  to  743  represent  the  four  stoves  serving  a  blast-furnace  of  the  Duquesne 
Iron-smeiting  Plant,  Pittsburgh,  Pa.  Fig.  738  gives  a  general  plan.  Figs.  739 
to  743  show  the  details  of  a  single  stove.     A  stove  is  27X97  ft.  andhasaheat- 


nn"""*^ 


lug  surface  of  33,035  sq.  ft.;  the  tiles  are  14  in.  deep  and  12  in.  high;  they  have 
openings  approximately  9  in.  square  with  filleted  corners;  the  walls  are  2  i/a 
in.  thick.     Owing  to  local  conditions  each  stove  has  an  independent  chimney 
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which  is  130  ft.  high  and  5  ft.  in  diam.;  a  chimney  is  provided  with  a  valve 
resting  on  a  bronze  water-cooled  seating-ring.  The  passage  of  burning-gas  and 
air  in  heating,  and  of  cold-  and  hot-blast  are  indicated  in  the  drawings.  A 
similar  stove  built  in  1903  for  the  Buffalo  &  Susquehanna  Iron  Co.,  Buffalo, 
N.  Y.,^  is  of  smaller  diameter  and  higher,  viz.,  22X102  ft. 

7.  Besides  these  leading  types  there  may  be  mentioned'  the  forms  of  Steven- 
son-Evans, Cabot-Patterson,  Foote,  Kloman,  Nelson,  Foote-Lamond,  Amslcr, 
Ford-Moncur,  Moore  and  Hartman-Kennedy.  In  the  last  an  external  coni- 
bustion-chamber  (12  ft.  long  by  5  ft.  diam.  for  a  19X76  ft.  stove)  has  been 
attached  to  the  stove  to  make  the  combustion  of  the  burning-gas  perfect,  to 


Figs.  744  to  750. — Forms  of  checker  brick. 


provide  a  place  for  the  deposition  of  dust  whence  it  is  readily  removed  by  blow- 
ing. The  stove  proper  is  a  Hartman  2-pass  stove  with  partition-wall  in  the 
center. 

8.  The  bricks'  of  the  different  stoves  show  a  great  variety  of  forms*  and 
ways  of  joining  so  as  to  give  large  and  smooth  surfcices,  and  to  allow  for  expan- 
sion and  contraction.  Some  of  these  are  shown  in  Figs.  744  to  750;  others  have 
been  given  in  the  preceding  figures  and  references. 

9.  The  burners  used  have  different  forms.     Fig.  751  illustrates  a  Spearman- 

^  Iron  Age,  Aug.  3,  1903,  p.  4. 

2  (Stevenson-Evans),  Eng.  Min,  /.,  1899,  Lxvii,  591;  (Cabot- Patterson),  Iron  Age,  Oci.  10. 
1901,  p.  3;  (Foote),  Am,  Mfr.,  1901,  Lxviii,  138;  (Kloman),  Iron  Trade  Rev.  Apr.  16,  looj;, 
p.  44;  (Nelson),  Iron  Age,  1909,  Lxxxiv,  194;  Stalil  u.  Eiscn,  1909, xxix,  1457;  ( Foote-Lamond >, 
Iron  Age,  1909,  Lxxxrv,  1159;  (Amsler),  Iron  Trade  Rev.,  1907,  xlv,  887;  ( Ford-Moncur U 
J.  I.  and  St.  /.,  1896,  I,  20;  (Moore),  Iron  Age,  Feb.  12,  1903,  p.  10;  (Har tman- Kennedy) i^'/- 
cil.,  Aug.  18,  1904. 

^  Canaris,  Slafil  u.  Risen,  191 1,  xxxi,  1245. 

^Liirmann,  op.  a't.,  1884,  iv,  484;  1890,  x,  766;  1896,  xvi,  907. 
Stevenson- York,  Irott  Age,  1892,  xlex,  769. 
Roberts,  op.  cit.,  Jan.  9,  1896,  p.  139. 
Hall,  J.  I.  and  St.  I.,  1896,  i,  20,  Plates  11  and  in. 
Foote-Lamond,  Iron  Age,  1901 ,  liiOQCK ,  w^^^. 
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Kennedy  burner  with  valve.'  The  heavy  lines  represent  castings  machined 
on  the  top  surfaces.  The  valve  is  a  sliding  cast-iron  plate  machined  on  the 
lower  Surface.  It  is  actuated  by  rack  and  pinion.  Upon  one  end  of  this  plate 
is  cast  a  port-opening  to  which  is  attached  the  wTOUght-iron  elbow.  In  the 
figure  the  port  is  open;  when  closed,  the  solid  part  of  the  valve  covers  the  port. 
10.  The  valves  found  in  a  stove  are  the  air  valves,  cold-  and  hot-blast  valves, 
and  gas-escape  valves.  Figs.  752  to  753  represent  an  air-  or  gas-inlet  valve  of 
cast-iron,  with  heavy  flanges;  the  spherical  valve  is  firmly  held  in  the  beveled 


4 


Fio.  7S1- — Spcarraan-Kennedy  bi 


seat  by  a  cast-iron  bar  secured  to  the  frame  by  a  fixed  leg  and  a  link  bolt.  Clean- 
ing-doors are  of  the  same  general  construction.  The  cold-blast  valve  shown  in 
Figs.  754  and  7  55  is  of  the  gate  tj-pe  and  is  operated  by  means  of  rack  and  pinion. 
Hot-blast  valves  are  cither  sliding  or  puppet  valves.  The  sliding  valves  are  simi- 
lar to  the  cold -blast,  valves,  except  that  the  gate  and  the  seat  are  air-  or  water- 
cooled,  being  cast  around  a  course  of  i-inch  pipe.  The  puppet  valves,  Figs.  756 
and  757  are  usually  water-cooled.  The  seats  are  made  of  bronze  and  are  hollow, 
and  air-  or  water-cooled.  The  valve-stem  is  of  seamless  drawn  tubing.  The 
gas-escape  valve,  Figs.  75S  and  759,  for  the  hot-blast  main  serves  to  carry  off  the 
gas  which  backs  up  from  the  furnaces  when  the  blast  is  shut  off.  The  valve, 
'  Other  forms:  Moore,  Iran  Age,  Feb.  ii,  1903,  p.  10. 
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being  heavier  than  the  lever,  is  held  in  position  by  the  pressure  of  the  bias 
when  this  is  taken  off  it  falls,  and  when  the  blast  is  put  on'  it  doses  up  agm 
II.  In  operating  a  stove  the  gas  is  admitted  through  the  gas  valve.  Afli 
it  has  burned  3  to  4  hr.  the  gas  and  chimney  valves,  the  burner  and  the  ai 
inlet  openings  are  dosed,  the  cold-blast  valve  and  then  the  hot-blast  valve  a: 
opened.    The  stove  now  remains  i  1/2  to  2  hr.  on  air.    The  next  stove  is  thi 
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Figs.  734  and  735. — Gate  cold-blast  valve. 


cut  out  from  the  blast-furnace  (the  hot -blast,  then  the  cold^blast  valve  is  do 
and  the  chimney  valve  opened)  and  the  stove  put  on  gas,  i.e.,  the  air-  andj 
inlet  valves  are  opened.  The  temperature  of  the  blast  should  not  vary  over 
C.  between  the  changes. 

12.  In  order  to  do  away  with  all  variations  of  temperature  of  hot-W 


'  See  also  Kennedy,  Iron  Age,  Feb.  1 
Ruit,  Iron  Age,  1907,  lxxx,  411. 


1900,  p.  16;  Iron  Trade  Rev.,  Feb.  : 
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constructed  a  hot-blast  equalizer  for  the  Ayresome  Iron  Works, 
sbrough,  England.  It  is,  Fig.  760,  a.  brick -stove  with  checkerwork  having 
cal  partition  wall  passing  through  the  center.    The  hot-blast  from  a 

heated  stove  passing  up  one-half  the  checkerwork  and  down  the  other 
ip  some  of  its  excess  of  heat  to  the  checkerwork  before  it  passes  on  to 
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Figs.  756  and  757. — Puppet  hot-blast  valve. 

nace.  When  the  temperature  of  the  hot -blast  tends  to  sink  below  that 
ieckerwork  of  the  equalizer,  it  takes  up  the  excess  of  heat  it  had  given 
>re  and  leaves  the  equalizer  at  a  normal  temperature.  The  equalizer 
irms  a  large  reservoir  for  heat,  correcting  any  variation  of  temperature 
bot-blast.     Another  form  is  that  of  Hartman- Kennedy.* 

rs-Harrison,  £nj.  Min.  J.,  iSgg,  lxvih,  337;  /.  /,  and  SI.  /.,  1^00,  i,  154;  1903,  Ii, 
*  Age,  Aug.  37,  1903,  p.  30. 
:tinaD,  ep.  cil..  M.iy  19,  1904,  p.  15. 
«  Afe,  Aug.  18,  1904,  p.  8. 
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13.  At  certain  intervals  the  flues  in  brickwork  have  to  be  freed  from  aanimn- 
lated  dust.  This  is  done  by  lowering  with  a  chain  a  weighted  disc,  m  Fig. ;», 
which  will  scrape  the  sides  clean.  Thwaite'  studied  the  effect  of  flue  dust  uptn 
the  thermal  efficiency  of  hot-blast  stoves. 

14.  Calculation*  of  the  size  of  a  Cowper  Hot-blast  Stove. — An  iron  blast- 
furnace produces  300  met.  tons  of  pig  iron  in  34  hr. ;  i  ton  pig  iron  requires  i  too 
coke;  3.8  cbm.  of  air  bums  i  kg.  coke.  The  problem  is  to  And  the  size  of  stove 
necessary  to  heat  blast  from  35  to  800°  C;  the  temperature  at  the  top  of  tbe 
checkers  is  1,200°  C.  at  the  start  and  1,150°  C  at  the  finish;  the  correqKmd- 


Figs.  758  and  759.- 


is-escape  valve. 


Fig.  760. — Gjets  bot-blast  eqiuliitt. 


ing  figures  at  the  bottom  are  300  and  150°  C;  the  checkers  are  to  have  verti- 
cal flues  25  cm.  sq. ;  the  pressure  of  the  blast  is  to  be  i  atmosphere  abo« 
normal ;  the  velocity  of  the  air  is  to  be  i  m.  per  sec.  on  entering  and  3  m.  per  sec 
on  leaving;  the  stove  is  to  be  on  air  i  hr. 

(A).  Volume    of    free    air     required    at    standard  conditions.    This  is 
300X1000X38  w  u  u 

—    — ^ =  47,500  cbm.  per  hr.  =  79i.7  cbm.  per  mm=i,o23.6  kg. 

(B).  Heat  required  to  raise  air  from  25  to  800°  C.    The  mean  spedfic 


heat  =0.251  kg.  cal.;  hence,  io23Xo.25iX(8c( 
=  11,940,000  kg.  cal.  per  hr. 
'  J.  I.  and  SI.  I .,  1903,  I,  246. 
'  Osann,  Slah!  m,  FJstn,  1909,  XXDC,  1060,  1107,  it  u,  I 

Altiendorff,  op.  cil.,  p.  1690. 

Osann,  op.  cil.,  1910,  xxx,  2001,  ioo8. 

Aldendorf,  op.  cil.,  2004. 

Aldendorf,  op.  cil.,  1910,  xxx,  1175, 

Osann,  Tonind.  Z.,  1909,  xxxiit,  1405. 

Gislck,  Ossl.  Zt.  Berg  llulUn-d.,  1911,  Lix,  1,  10,  35. 

Gugen.  Slahl  u.  Risen,  191 1,  sxxi,  (12,  10 1. 

BuUe,  op.  cil.,  191 1,  XXXI,  1451- 


-  25)  =  iQg,ooo  kg.  cal.  per  aao. 
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(C).  Heating  surface  required  to  furnish  198,200  kg.  cal  per  min.    The 

coefficient     of    internal    transfer^  =0.000028(2+ Vti)     C.G.S.  =0.000028(2+ 

V^2oo)  =0.0004519  g.  cal.  per  sec.  per  sq.  cm.  surface =0.00419  kg.  cal.  per  sec. 

per  sq.  m.  surface  =16.27  kg.  cal.  per  hr.  per  sq.  m.  surface  for  each  deg.  C. 

#»i                                       !•    1     1   .  1          1              I.    1               .    1200+1150 
The  mean  temperature  of  the  bnck  at  the  top  of  the  stove  is 

=  1,175®  C;  at  the  bottom =  225®  C.    The  mean  temperature  of  the 

air  at  the  top  is  800®;  and  at  the  bottom  25®  C.  The  difference  in  temperature 
of  air  and  brick  at  the  top  of  the  stove  is  1,175—800  =  375°  C;  at  the  bottom 
225  —  25  =  200°  C;  the  mean  difference  (sufficiently  correct  for  the  purpose), 

^^ =287°  C.    The  heating  surface  required  per  hour  is    /:~^  o~  = 

2,557  sq.  m. 

(D).  Height  of  stove.  The  cross-sectional  area  of  a  heating  flue  is  625 
sq.  cm.  =0.0625  sq.  m.;  the  velocity  of  air  at  exit  is  3  m.  per  sec.    The  volume 

r  1     •    .  .  .  791 X  (800+273)  X I  ,  ^o      or- 

of  normal  air  is  791  cbm.  per  mm. =^ = 1,554  cbm.  at  800  C. 

2X  273 

1554 

and  2  atm.  pressure.    The  number  of  flues  therefore  is  -rz — j-    t77~  =  i38. 

^  3X0.0625X60      ^ 

For  each  meter  in  height,  a  flue  has  4X0.25  Xi  =  i  sq.  m.  heating  surface. 

2557 
The  height  of  the  stove  must  be  — ^v7-= 18.6  m. 
^^  138X1 

(£)•  Thickness  of  brick  between  flues.     There  must  be  enough  brickwork 

in  the  stove  to  store  11,940^000  kg.  cal.  in  i  hr.  with  a  reduction  of  temperature 

of  not  more  than  50°  from  i ,200°  C.    The  mean  specific  heat  of  fire-brick  is  0.25 ; 

Ai.        •  L.    ri-     t_  •  1  -J     11,940,000  -         955,200     ,         , 

the  weight  of  fire-bnck  required  =  — "-^tt-     =  955,2oo  kg.  =  —  =  6,922  kg. 

0.25X50  130 

6022 
around  each  flue;  and  this=  ^-y  =372  kg.  for  each  meter  in  height  of  a  flue. 

The   specific  gravity  of  fire-brick  =  2.5;  hence — ::- =0.15  cbm.  brick  for 

'^  c>        J  09  2.5X1000         ^ 

each  meter  in  height  of  a  flue,  and  this =0.1 5  sq.  m.  brick  around  each  flue= 
1,500  sq.  cm.;  hence  the  wall  is  •^—5 5 ^5  _  j^  ^  ^j^  thick. 

(F).  Diameter  of  stove.  The  horizontal  cross-section  of  the  checkerwork 
■■  (0.15+0.0625)138  =29.3 2  sq.  m.  The  horizontal  section  of  the  combustion, 
chamber  =  area  of  flue-openings  =  0.0625 X  1,^8  =  8.62  sq.  m.  The  total  cross- 
section  of  the  stove  excluding  the  outside  walls  =  29.32+8.62  =  37.94  sq.  m.,  or, 

-7-  =3794;  Z>  =  6.95m. 

4 
(G).  Summary.     This  stove  must  have  138  flues  which  are  25  cm.  sq.  and 

have  walls  10.5  cm.  thick.    The  checkerwork  must  be  18.6  m.  high.     (There 

would  be  added  3  m.  at  the  bottom  for  the  combustion-chamber,  and  3  m.  at  the 

lop  for  the  dome.)     The  combustion-chamber  must  be  8.62  sq.  m.  in  cross-section. 

The  diameter  of  the  stove  will  be  6.95  m. 

1  Richards  "MeUllurgical  Calculations/'  i,  180. 
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327.  Drying  Air  by  Refrigeration.  The  Gayley  Dry-air  Blast.^Li 
§170  and  Fig.  262  it  has  been  shown  that  the  amount  of  moisture  air  can  con- 
tain as  aqueous  vapor  increases  with  the  temperature,  slowly  at  first  and  then 
very  quickly.  ^  In  order  to  free  from  moisture  a  current  of  air  by  cooling,  the 
aqueous  vapor  must  be  congealed  by  lowering  the  temperature  below  the 
freezing-point  of  water;  if  this  point  is  not  reached,  the  aqueous  vapor  remains 
suspended  in  the  air  in  the  form  of  a  mist  or  fog  and  is  carried  as  such  into  the 
furnace. 

In  1905  Gayley  published  the  first  results  he  attained  by  the  application  of 
his  air-refrigerating  or  dry-blast  system  to  the  Isabella  iron  blast-furnace  near 
Pittsburgh,  Pa.  The  output  in  pig  iron  per  day  was  increased  by  24.86  per 
cent. ;  the  consumption  of  coke  per  ton  of  pig  iron  was  decreased  by  19.6  per 
cent.;  the  blowing  engipps  were  run  15.8  per  cent,  more  slowly,  and  this  saving 
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Date  of  Observation.  Januar/  IBth  to  31th.  1909 

Fig.  761. — Temperature  and  moisture  of  air,  moisture  of  Gayley  dry-blast 

in  power  made  up  for  the  power  required  to  run  the  refrigerating  plant;  further, 
the  temperature  of  the  hot-blast  and  the  percentage  of  CO2  in  the  tunnel-head 
gases  was  increased,  and  the  amount  of  flue  dust  formed  diminished.  Beside 
the  saving  of  cost  of  production,  the  dry-blast  system  has  the  great  advan- 
tage over  natural  blast  of  complete  control  of  the  working  of  the  furnace 
and  thereby  of  the  character  of  the  product.  The  only  uncertain  feature  in 
the  management  of  the  blast-furnace,  the  varying  amount  of  moisture'  in  the 
air  has  been  eliminated  from  the  operation.  The  imp>ortance  of  this  feature 
is  evident  when  it  is  recalled  that  the  weight  of  the  air  entering  an  iron  blast- 
furnace at  the  tuyeres  is  over  50  per  cent,  of  the  weight  of  the  solid  material 
charged  at  the  throat.  The  uniformity  of  the  dry-air  blast  attained  is  shown, 
e.^.jin  Fig.  761  which  gives  for  10  days  the  temperature  and  moisture  of  the 
atmosphere  and  the  moisture  of  the  dry-blast.* 

*  Tr.A.I.  M.  E.,  1905,  XXXV,  747  (Gayley),  1022-1042  (discussion);  1906,  xxx\7,3X5  (Gay- 
ley), 470  (Johnson),  745-798  (discussion);  1906,  xxxviT,  201  (Meissner),  216-237  (discussion); 
1907,  xxxv'iii,  901-912  (discussion);  1908,  xxxix,  695  (Raymond),  705  (Cook) ;Langdon,  1907; 
XL,  614;  Iron  Age,  1905,  lxxv,  1520  (Editor);  1912,  lxxxdc,  52  (Gayley);  826  (E)Chl);5toA/«. 
Eiscrtj  1906,  XXVI,  784,  844  (Osann);  1909,  xxrx,  1430,  1602  (Drees);  Cass.  Mag.y  1908, 
xxxrv,  122;  /.  Frankl.  Inst.,  1909.  CLX\^II,  67  (Report  Committee);  Eng.  Mag.,  1909, xxx\U 
186  (Watcrhouse) ;  /.  /.  and  St.  /.,  1909,  11,  150  (Moore);  Eng.  Min.  7.,  1909,  LXXX\nn,  1170 
(new  patent);  Met.  Chcm.  Eng.,  1912,  x,  471. 

^  Also  Carle,  Comp.  Air,  1909,  xiv,  5489. 

'Jones,  Uniform  moisture  in  blast,  /.  /.  and  St.  /.,  1909,  11,  144. 

*  Other  records:  Iron  Age,  1909,  i^qqom  ,  \i^v>  \^\\,\xsqwii,  joq. 
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There  have  been  many  adverse  criticisms'  of  the  use  of  dry-blast,  but  accom- 
I  plished  facts  have  outweighed  imperfect  theory.  The  experience  gained  at 
I  various  iron  blast-furnace  plants  since  1905  shows'  that  the  output  of  pig 
I  iron  has  been  increased  10  per  cent.,  and  the  fuel  consumption  diminished 
'.  JO  per  cent.  The  good  effect  of  dry-blast  is  probably  due  to  the  following 
I  {our  causes: 

(r)  The  removal  of  the  moisture  in  the  blast  results  in  the  saving  of  the  heat 
required  for  its  decomposition.  Therm ochemical  calculations  by  Le  Chatelier* 
and  Richards*  have  shown  that  at  the  Isabella  furnace  this  accounts  for  from 
3  to  5  per  cent,  of  the  heat  value  of  the  coke  used. 

(2)  A  second  cause  given  by  Richards'  is  that,  since  dry  air  of  low  temper- 
ature contains  more  O  than  ordinary  air  of  average  temperature,  more  O  is 
pumped  into  the  furnace  with  dry -blast,  and  this  raises  the  temperature  at  the 
tuyere- sect  ion  and  increases  the  rate  of  driving.' 

(5)  A  third  cause  is  that  stated  by  Johnson'  and  extended  by  Howe,*  viz., 
that  the  amount  of  reserve  heat  necessary  between  the  critical  temperature  (the 
one  at  and  above  which  the  essential  work  of  the  blast-furnace  must  be  done) 
and  the  actual  temperature  which  is  developed  to  insure  safety,  is  smaller  with 
dry-blast  than  with  natural  blast,  or,  in  Baker's  words,*  you  can  saL  closer  to 
the  wind. 

(4)  Less  work  has  to  be  done,  hence  less  fuel  is  required." 

Dry-air  blast  has  been  proposed  for  the  bessemer  converter"  to  insure, Tkith 
uniform  iron  from  the  mixer,  absolute  regularity  of  work. 

In  carrying  out  the  process  at  the  Isabella  furnace,  air  is  drawn  by  the 
blowing  engine  through  a  refrigerating  chamber  and  then  forced  through  the 
hot-blast  stoves.  The  chamber,  which  is  lined  with  compressed  2-in.  cork 
plates,  has  60  vertical  lines  of  coils,  each  with  75  two-inch  pipes  jo  ft.  long, 
altogether  90,000  linear  feet  of  2-in.  pipe,  through  which  CaCl 2- solution  of 
sp.  gr.  1.21  is  circulated.  The  solution  required,  amoimting  to  40,000  gal,,  is 
cooled  by  an  ammonia  ice-machine  in  a  tank  containing  20  coils  of  pipe.  The 
air  is  forced  into  the  chamber  by  one  blower  and  distributed  evenly  between 
the  pipes  by  two  additional  ones  placed  on  the  floor;  it  deposits  water  and  frost 
on  the  lower  pipes,  frost  only  on  the  upper  pipes,  and  is  withdrawn  at  or  below 


'  Summary  of  German  Critique  {StaU  u.  Eiiai,  1905,  xxv,  3,  SS,  73.  '5'.  >'3.  4'*)  given 
in  Iron  Age,  1905,  uotv,  46,),  '080;  Aim.  Mines,  1904.  vi.  J51  (Picard,  Lodin,  Le  Chalclier); 
Set.  UU.,  1905,  It,  166,  794  (Boudouard),  389  (Pourccl). 

■  Gayley,  Mtt,  Cktm.  Eng.,  1913,  xi,  71. 

*Rw.  Ma.,  1904, 1,  651. 

*  Tr.  A.  I.  M.  i.,  1906.  XXXVI,  743- 
*0p.  eit.,  1906,  xxxvii,  32i. 

*  MooK,  /.  /.  and  Si.  I.,  1909,  it,  1 50. 
'  Tr.  A.  I.  it.  £.,  1906,  xxxvi,  470. 
*Op.eU.,  1906,  xxxvn,  »i6. 

*  Tr.  A.  I.  M.  £.,  1906,  xxxi't,  794. 

'•Langdon,  Tr.  A.  I.  M.  E.,  1909,  xl,  614;  see  also  W list,  Melattiirgie,  igio,  vn,  403- 
"  Dudley,  Iran  ,1jr,  1908,  lAXXli,  jg. 
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freezing  temperature  from  the  top  of  the  chamber  by  the  blowing  engines. 
When  the  pipes  have  become  covered  with  frost,  the  cold  CaClr-soIution  is 
shut  off  from  several  vertical  lines  of  coil,  and  hot  CaClj-solution  pumped  in, 
which  melts  the  frost  in  a  few  minutes,  when  connection  is  again  made  with 
the  cold-solution  system.  The  melted  frost  collects  in  a  trough  in  the  floor 
and  runs  off. 

Plants  have  been  erected  at  Illinois  Steel  Co.,  South  Chicago,^  Warwid, 
Pa.*  and  other  places. 

The  Gayley  refrigerating  plant  is  expensive  and  occupies  much  space.  Its 
operation  is  also  costly  in  that  it  aims  to  remove  all  the  moisture  in  a  single 
operation.  According  to  Bruce*  a  considerable  saving  can  be  effected  by  remov- 
ing the  moisture  in  stages.  A  two-stage  system  has  been  developed  whidi 
does  this  economically.*  The  drying  or  refrigerating  chamber  consists  of  a 
cylindrical  steel  shell  about  100  ft.  high  and  20  ft.  in  diam.  It  has  two  divisions. 
In  the  lower,  the  air,  drawn  in  by  a  fan,  is  made  to  pass  through  a  series  of  super- 
imposed screens  wetted  with  water  held  near  its  freezing-point.  This  removes 
about  2/3  of  the  moisture.  The  air  rises  through  moisture  eliminators  whidi 
remove  entrained  moisture,  and  enters  the  second  set  of  superimposed  saeens 
which  are  wetted  with  cooled  CaCU-solution.  The  remaining  water  of  the  air 
is  condensed;  the  air  passes  again  through  moisture  eliminators  and  enters  the 
fan  which  delivers  it  to  the  pipe  leacUng  to  the  blowing  engine. 

Another  method  of  cheapening  the  drying  of  the  air  is  that  suggested  by 
Miles*  who  sprays  the  air  after  it  has  left  the  blowing  engine,  first  with  cold 
water  and  then  with  cooled  CaCl2. 

328.  Drying  Air  with  Calcium  Chloride — ^the  Daubin^-Roy  Process.— .\ 
method  differing  entirely  from  the  above  is  that  of  Daubine-Roy,*  who  dessicate 
the  air  with  solid  CaCl2.  This  rests  in  pieces  on  grids  superimposed  in  a  tower 
having  an  annular  chamber  and  a  central  well.  The  salt  CaCl2+8H20  becomes 
liquid  at  15°  C;  CaCl2+4H20  at  40°  and  CaCl2+H20,  formed  at  175°  C, 
begins  to  lose  H2O  at  235°  C.  which  it  reabsorbs  with  difficulty;  that  is,  the 
salt  acts  slowly,  is  "tardy."  The  hydrates  available  lie  between  CaCli+iHsO 
and  8H2O.  The  absorption  of  H2O  evolves  heat;  this  is  neutralized  by  ha\ing 
cooling  coils  imbedded  in  the  charge  in  which  water  circulates. 

The  air  to  be  dried  is  drawn  downward  in  the  annular  chamber  for  4  hr.  and 
passes  through  the  salt  on  the  grids  into  the  central  well  to  the  fan.     By  this 

'  Iron  Age,  1008,  Lxxxii,  qq8. 

'  />.  .1.  /.  M.  K.,  iQoS,  xxxLX,  917;  Iron  Age,  1908,  Lxxxi,  53;  lxxxii,  906;  Eledrockem. 
Met.  I  ml.,  looS.  vi.  \2. 

'  Hriur,  Proc.  F.ng.  Soc.  West.  Pa.,  IQ12,  xxviii,  277;  Met.  Chem.  Eng.,  1912,  x,  471. 

*  (iaylov.  Iron  Age,  101 -\  Lxxxix,  52. 

*  Iron  Age,  ion,  Lxxxvii,  ij;54,  191:!,  Lxxxix,  1023;  Iron  Trade  Rer,,  1912,  L,90i  (Plant 
at  St.itrish,  X.  v.). 

*  /m///.  Soe.  InJ.  Min.,  loog.  xi.  307,  477;y.  Land  St.  /.,  1911,1,  2S;  Iran  Age,  i9ii,LXXX\iif 
1:70. 

()s;u\!i,  Stdhi  u.  F.isen,  iqoq.  xxix.  1781. 
\'an  Hruvscll,  Eng.  Min,  7.»  191 2,  xciii,  595. 
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time  the  skins  of  the  pieces  of  salt  will  show  signs  of  liquefying.  The  air  is 
shifted  to  a  second  tower,  and  .the  salt  regenerated  in  about  2  hr.  by  heating 
between  30  and  200®  C.  with  waste  dust-free  gas  or  hot  air  which  rises  in  the 
"wdl,  travels  outward  through  the  salt,  and  leaves  by  the  annular  chamber. 
During  the  regeneration  period  the  circulation  of  water  in  the  coils  is  stopped. 
The  regenerated  salt  has  to  be  cooled  before  it  can.  again  absorb  H2O;  this  is 
accomplished  by  allowing  the  water  to  circulate  in  the  pipes  for  about  2  hr. 
before  the  air  is  turned  on.  For  the  completion  of  the  cycle  of  operations  there 
are  therefore  required  three  towers.  The  process  has  been  put  into  operation  at 
the  iron  works  of  Differdange,  Luxemburg,  but  has  not  yet  (January,  1913) 
become  standardized. 

PURIFICATION  OF  GASES 

329.  Smelter  Smoke.  ^ — ^In  nearly  all  pyrometallurgical  processes  some 
smoke  or  fume  is  produced.  This  may  contain  solids  and. vapors  besides 
the  leading  constituents  which  are  gases.  The  solid  matter,  flue  dust,  consists 
of  fine  particles  of  the  original  charge  which  have  been  carried  off  by  the  gas- 
current  and  may  or  may  not  have  been  changed  chemically  in  the  time  they  were 
exposed  to  the  process  going  on  in  a  furnace.  Thus,  there  may  be  finely-divided 
fuel  which  gives  the  dust  a  dark  color  if  present  in  sufficient  quantity;  metallic 
sulphides  of  the  ore-charge  may  have  been  converted  wholly  or  in  part  into  sul- 
phates or  oxides;  oxides  may  have  been  sulphatized  and  so  on.  The  vapors 
consist  of  metals  such  as  Pb,  Zn,  As,  Sb,  Hg,  etc.,  and  their  volatile  compounds 
which  have  been  volatilized  in  the  hotter  parts  of  a  furnace  and  not  condensed 
in  the  cooler;  they  are  more  likely  to  have  undergone  chemical  changes  than 
the  dust  while  passing  through  and  from  a  furnace.  When  the  gases  carrying 
these  vapors  are  cooled,  the  vapors  form  a  fog  or  mist  which  settles  out  if  given 
sufficient  time.  Thus,  if  the  gases  from  a  furnace  are  passed  through  flues  and 
chambers  on  their  way  to  a  chimney,  there  will  be  collected  in  the  part  nearer 
the  furnace  the  solid  particles  that  the  gas-current  had  carried  off,  and  nearer 
the  chimney  the  condensed  vapors.*  Fig.  762  shows  diagrammatically  how  the 
values  of  Pb  and  Ag  change  in  the  material  that  is  collected  in  a  flue  carrjdng 
the  gases  from  a  silver-lead  blast-furnace  to  its  stack.    Near  the  furnace  the 

*Plattner,  C.  F.,  "Die  Metaliurgischcn  Rdstprocesse,"  Engelhard,  Freiberg,    1856,  pp. 

322-377. 

Hering,  C.  A.,  "Die  VeMichtung  des  HQttenrauches,"  Cotta,  Stuttgart,  1888  (bibliog- 
raphy, pp.  61-63). 

lies,  School,  Min.  Quart. ,  1895-96,  xvii,  97. 

Hamor,  Bibliography,  Min.  Ind.^  1908,  xvii,  901. 

Baskerville,  Eng,  Min,  7.,  1909,  lxxxvii,  884  (legal  aspect). 
*  Shelby,  Eng.  Min.  7.,  1908,  lxxxv,  204. 

Ebaugh.,  7.  Ind.  and  Eng.  Chem  ,  1909,  i,  686;  Eng.  Min,  7.,  1909,  lxxxviii,  1020. 

Lee,  op,  cU.y  1910,  xc,  505. 

Haa3,  op.  cit.j  1910,  xc,  814. 

Moore,  ibid^  104. 

Wright,  ihid.^  in. 


^32 


GENERAL  METALLURGY 


dust  is  rich  in  Ag  and  low  in  Pb^  the  values  corresponding  closely  to  those  of  the 
ore-charge;  near  the  stack,  on  the  contrary,  only  lead-fume  carrying  littk 
silver  has  been  collected. 

The  gases  consist  mainly  of  N,  COj  and  CO,  but  in  many  instances  they  con- 
tain sulphurous  gas,  CI  and  Cl-compounds,  which  are  injurious  to  animal  and 
to  vegetable  life.  These  obnoxious  gases  are  frequently  discharged  into  the 
atmosphere  through  high  chimneys  whereby  they  become  sufficiently  diluted 
before  they  descend  to  the  earth  so  as  to  be  harmless;  under  certain  conditions, 
especially  in  populous  or  agricultural  regions,  they  have  to  be  neutralized  and 
rendered  harmless;  in  some  cases  they  can  be  converted  into  usefid  products. 

The  treatment  of  smelter  smoke  will  vary  with  the  result  one  is  trying  to 
attain.    The  aim  may  be:  (i)  To  collect  as  flue  dust  the  solid  particles  and  the 
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condensed  vapors  in  order  to  recover  their  values  as  is  the  case  with  most  non- 
ferrous  furnaces;*  (2)  to  free  gases  from  dust  in  order  that  they  may  be  used  for 
industrial  purposes  as,  for  instance,  the  tunnel-head  gas  of  the  iron  blast- 
furnace which  is  used  to  drive  gas-engines;  (3)  to  render  harmless  or  convert 
into  useful  products  the  obnoxious  constituents  produced  in  many  non-ferrous 
processes. 

In  all  three  cases  the  gases  will  be  conducted  through  flues  or  pip)es  or  cham- 
bers and  perhaps  some  auxiliary-  apparatus  to  the  chimney  which  discharges  the 
waste  product  into  the  open  air.  The  size  of  the  conduit  will  be  governed  by 
the  volume  of  gas  that  is  to  pass  through  it  per  sec.  Assume  that  it  has  been 
found,  in  calculating  the  theoretical  balance-sheet  of  materials,  that  the  gas  pro- 
duced from  a  i,ooo-kg.  charge  of  a  lead  blast-furnace  weighs  1,933.8  kg.;  that 
its  volume,  as  figured  from  the  analysis  of  the  flue-gas,  is  1,353  ^^^'  ^^ 
o^  C,  and  that  the  gas  passes  off  at  200°  C.     The  volume  a  gas  occupies  b 

T 

proportional  to  its  absolute  temperature  (  —  273°  C),  or  Fi=  FoX  .  =i,353 

X  *         *  '^  =  2,307  cbm.     Assuming  that  in  24  hr.  there  are  fed  150  charges, 


*  Mal]\c\vst>n.  /'wjc.  .U/w.  ./..  1000.  Lxxx\'ii,  $62. 
Si  hot  I,  Stiihl  u,  FtM-ft,  loio.  XXX.  192,  ^^2,  367,  S03. 
.Anon,  F.ttj^itutr,  1010.  cx»  470;  Rev.  \Ifi.  Extr.,  191 1,  vni,  334, 
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this  gives  346,050  cbm.  or  —    r  -  —  =4.05  cbm.  =  143  cu.  ft.  per  sec.    A  fair 

speed  of  travel  of  gas  for  settling  out  solid  particles  has  been  given  as  7  ft.  per 
sec;  lies*  gives  for  flues  in  roasting-furnaces  200  —  400  ft.  per  min.,  or  3.33  — 

6.67  ft.  per  sec.;  Ingalls^  makes  4  ft.  per  sec.  the  basis  of  his  calculations.    Taking 

142 
6  ft-  per  sec.  as  the  speed  of  the  above  gas,        =  22  sq.  ft.  will  give  the  necessary 

cross-sectional  area  of  the  conduit.  The  travel  of  gases  through  furnaces  has 
been  studied  by  Roitzheim.' 

The  amount  of  dust  carried  off  by  flue  gases  varies  greatly,  from  i  to  3 
per  cent,  in  hand  reverberatory  roasting-furnaces  to  over  20  per  cent,  with 
some  fine-ore  shaft  roasting  furnaces;  from  about  i  per  cent,  with  coarse-ore 
reverberatory  smelting  furnaces  to  10  to  15  per  cent,  with  reverberatory  fur- 
naces treating  roasted  concentrates;  from  3  to  5  per  cent,  with  coarse-ore  blast- 
furnaces to  over  20  per  cent,  with  blast-furnaces  treating  fmely  divided  iron  ore. 

For  the  determination  of  the  amount  of  solid  particles  in  gases  various 
methods  and  apparatus  have  been  devised.  Some  that  have  become  prominent 
are  those  of  Martins,*  Hubcndick,*  Gemiind,®  Messier,^  Wynne, ^  Johannsen.® 
The  different  methods  of  condensing  may  be  grouped  under  three  heads,  as 
rfry,  electric  and  wet;  the  last  may  or  may  not  be  connected  with  the  recovering 
or  rendering  harmless  obnoxious  gases. 

330.  D17 Methods  of  Condensation.^® — ^This  is  the  most  common  plan,  as  it 
is  eflFective,  cheap  in  the  simple  forms  of  installation,  and  furnishes  the  flue  dust 
in  a  form  that  is  readily  compacted  for  further  treatment  (§279).  The  separa- 
tion of  solids  is  effected  by  the  cooling  of  the  gas-current;  by  retardation  of  its 
velocity  involving  enlargement  of  flue,  change  of  direction  of  current,  or  increase 
of  surface  friction;  by  centrifugal  motion;  by  filtration  and  by  freezing. 
Several  of  these  procedures  are  usually  combined  in  a  single  system. 

331.  Cooling  the  Gas-current. — With  the  reverberatory  furnace  and  the 
blastrfumace,  especially  when  run  with  a  hot  top,  reduction  of  tem])erature  of 
flue  gases  is  an  essential  preparatory'  step  to  the  siiving  of  values,  and  preemi- 
nently so  if  the  ore-charge  contains  any  volatile  metals.  Cooling  a  gas  reduces 
its  volume  and  condenses  vapors,  the  suspended  particles  come  closer  together 


*"Lead  Smelting,"  Wiley,  New  Yurk,  1902,  pp.  155.  176. 

*  "Metallurgy  of  Zinc  and  C'lulmium,"  Kng.  Min.  J.  New  York,  loo^^,  |».  63. 
*Stakl  u.  Eiscftf  1912,  xxmi.  9(^9 ,  icx;8,  rritiquc  ])y  Ksslich,  /7»/J,  2090. 
*0p.  ciL,  1903,  xwiii,  735. 

•Oej/.  Zt,  Berg  Ilmemc.j  1905,  uii,  200. 

*  BraunkohU,  1907,  vi,  30. 

^  Iron  AgCf  1908,  ijcxxi,  1087. 

*EHg,  Min.  7.,  1909,  Lxxxviii,  <)03. 

*Siakl  u.  Risen,  1912,  xxxn,  if>. 

"  lies,  Rng.  Min.  7.,  1886,  xli,  74,  03.  M^;  Sch.  Min.  Quart.,  1895  -96,  xvii,  07- 

Bauer,  Freiberg.  Jafirb.f  1894,  p.  jn). 

Austin,  Min.  Sc.  Press,  1907,  xriv,  668. 

Schott,  Slah!  u.  Risen,  19 10,  xxx,  192,  322,  367. 
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and  unite  into  flaky  masses,  as  the  attraction  is  inversely  proportional  to  the 
square  of  their  distance  asunder;  they  then  settle  readily. 

Let  the  temperature  of  gas,  Kj  at  1,100°  C,  as  it  escapes  from  a  reverberatorj 
furnace  be  reduced  to  100°,  and  assume  its  volume  Vi  at  100°  to  be  =1;  tha 
Vt  "  I'l  [1+0.00366(1,100— ioo)]=4,665  Vi.  Now  the  distance  of  twopu- 
tides  A  t  and  .4 1  in  the  hot  and  the  warm  gas  is  as  '^4.665 :  ^i  =  1  -6709 :  i ;  hence 
the  attractions  of  At  and  ^i  are  as  i*:i,6709'  =  i:a.79i9. 

^ .,_,  Altken'  has  shown  experimentally  that  a  hot 

surface  repels  particles  of  dust,  especially  if  it  is 
moist,  while  a  cold  surface  attracts  them.  Similar 
phenomena  have  been  observed  by  Russell.* 

The  usual  way  of  cooling  is  by  the  use  of  ar; 
when  insufficient  it  may  be  supplemented  by  cooling 
the  flue,  through  which  the  gases  travel,  citemally 
with  water  or  by  having  cooling-water  circulate  in 
pipes  placed  in  the  flue.  The  flue  itself  is  of  metal, 
of  brick,  or  of  concrete  which  may  be  reinforced. 

The  down  comer  of  the  iron  blast-furnace  is  1 
sheet-iron  pipe,  of  large  diameter  to  reduce  tbe 
velocity  of  the  gases  to  about  10  ft.  per  sec  It  is 
placed  at  an  angle  of  at  least  40  to  45°  to  pTe\'eiit 
dust  (angle  of  repose  about  36°)  from  settling  out 
The  dust  is  collected  in  the  dust-catcher  whence  it 
is  removed  at  intervals  from  the  bottom  by  a 
balanced  trap-door.  The  dropping  out  of  dust  is 
assisted  by  a  sudden  change  in  direction  of  the  gas- 
current;  often  provision  is  made  for  further  removal 
of  dust  by  having  hoppers'  on  the  lower  side  of  the 
sheet-iron  flue  leading  from  the  dust-catcher  to 
boilers  and  pre-heating  stoves. 

Roberts*  constructed  the  centrifugal  dust-catch« 
shown  in  Figs.  763  and  764  for  the  iron  blast-fur- 
naces  at  Lebanon,  Pa.  The  gas  enters  the  apparatus 
tangcntially,  is  given  a  rotary  motion  by  its  own 
pressure,  and  leaves  through  the  outlet  which  is 
liUiccd  centrally  at  the  top  of  the  collector.  The  dust  that  has  been  dropped 
is  collected  in  a  conical  pocket  which  has  a  slide-valve  and  a  hopper 
lirii\i(tcd  with  a  bell.  When  the  dust  in  the  hopper  is  to  be  discharged,  the 
sliile-\'alve  is  closed  and  thus  the  entrance  of  air  prevented.     The  collector 

'  /VrFf,  Rnv.  Scf.  Edinhurth,  Jan.  :i,  1RS4;  "Nature,"  t8Sj-84,  xxdc,  331. 

ir.ii'oiT.  J^hrt^brr.,  1SS4.  xx.\,  IJ07. 
'  I'liil.  Tr.ins.  Roy.  Si<c,.  i^o^i.  cci.  A,  p.  iS;.  discussion  by  Aitken,  p.  551, 
'  1  uiMi.11111,  S!.iM  u.  Eifcn.  1^6,  XVI.  955;  looi,  xxi,  433,  489. 
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is  idaced  over  a  railroad  track  to  allow  discharging  directly  into  a  car.  Gases 
iasuing  &om  the  dust-catcher  contain'  from  0.66  to  3.64  grains  dust  per  cu.  ft. 
Iliwaite*  shows  how  the  deposition  of  fine  dust  by  gravity  is  limited.  Thus,  to 
settle  dust  from  gas  containing  0.44  grains  dust  per  cu.  fL  a  flue  337.3  ft.  in 
length  is  required;  if  the  gas  contains  0.33  grains,  deposition  practically  ceases. 
In  lead-  and  copper-smelting  works  a  suspended  or  supported  rectangular 
or  balloon-shaped  sheet-iron  ilue  with  V-shaped  bottom  provided  with  dis- 
dtatge-doors,  or  a  rectangular  flue  the  lower  side  of  which  consists  of 
\-5haped  hoppers,*  serves  to  carry  the  gases  from  the  furnaces  to  the  dust- 
duunbers. 


Figs.  765  lo  767. — Suspended  rectangular  shcel-i 


i,  Omaha,  Neb. 


Figs.  765  to  767*  represent  the  rectangular  sheet-iron  flues  for  the  blast-fur- 
naces and  converters  of  the  Omaha  plant  of  the  American  Smelting  &  Refining 
Co.;  while  Figs.  J68  to  772  show  the  complete  drawings  of  the  graceful  form  of 
the  balloon-shaped  supported  sheet -iron  blast-furnace  flues  of  the  lead  plant  of 
the  International  Smelting  &  Refining  Co.,  Tooele,  Utah.  The  drawings  are 
self-explanatory, 

A  third  type  is  one  which  resembles  the  pipe-stove  (Figs.  707  to  714) 
for  pre-heating  air.  This  apparatus  is  common  with  lead  ore-hearths,* 
the  furnaces  used  in  roasting  and  smelting  antimony  ores,  and  with  iron 
blast-furnaces  treating  ores  that  are  rich  in  zinc.  The  apparatus  erected 
by  the  New  Jersey  Zinc  Co.  for  its  new  spiegeleisen  blast-furnace  at  Palmerton, 


'  Sfthlin,  Cass.  JIfag.,  1905,  xwui,  441. 

*J,  I.  and  St.  I.,  1503,  I,  345. 

■Egleston,  Tr.  A.  I.  if.  E.,  1883,  xi,  410,  plate  11. 

•  EUers,  Proc.  vni  Inkrnat.  Congr.  Appl.  Chtm.,  191  j, 

*  Dewey,  tp.  cil.,  1889-90,  xvui,  673,  6g6  700. 
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Pa.,  is  given  in  Figs.  773  to  775.  The  blast-furnace  (64  ft.  high,  14-ft  bosb, 
9-fl.  crucible,  seven  5-in.  tuyeres),  using  a  mixture  of  2/3  coke  and  1/3  anthn- 
cite,  smelts  in  24  hr.  with  254  cu.  ft.  air  per  min.  at  a  pressure  of  9  to  14  lb. pa 
sq.  in.  135  to  140  tons  of  residuum,  and  pnxluces  with  the  spiegeleisen  consi^- 
able  amounts  of  tlue  dust  rich  in  zinc,  which  is  settled  in  iron  condensers,  faon 
which  the  purihed  gases  pass  off  to  be  burnt  in  pipe-stoves  similar  to  those 
shown  in  Figs.  712  to  714. 

The  tunnel-head  gases  enter  the  condensing  apparatus  through  the  iw^im*! 
down-comer  .1 .  which  has  to  be  beaten  daily  with  wooden  hammers  to  prevent 


.t    *• 
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four  rows  of  condensers  is  collected  in  the  main  G,  which  leads  to  the  pipe- 

)ves.  The  arrows  in  the  figures  show  the  courses  of  the  gas  through  the  con- 
densers. A  condenser  consists  of  six  vertical  cast-iron  tubes,  /,  12  ft.  long  and 
15  in.  in  diam.,  which  are  connected  top  and  bottom  by  cylindrical  collars  H^ 
f  ft.  in  diam.;  the  upper  and  lower  collars  are  alternately  connected  for  the  pas- 
sage of  the  gas;  the  Tower  collars  have  cleaning  doors,  h,  and  are  provided  with 
kopper-bottoms,  /,  for  collecting  dust.  The  dust  is  discharged  through  a 
balanced  door,  i.  The  frequent  reversal  of  the  direction  of  the  gas-current  in 
this  dass  of  apparatus  greatly  assists  the  deposition  of  dust,  but  it  also  offers 
luch  resistance  to  the  travel  of  the  gas  that  artificial  draft  has  to  be  provided. 

In  1877  Hagen^  introduced  at  the  Freiberg,  Saxony,  smelting  and  refining 
works  flues  of  sheet  lead  externally  cooled  by  water  for  cooling  sulphurous  gases 
carrying  AS2O8.  In  1902  they  were  replaced  by  brick  flues 
for  hot,  and  by  lead  flues  for  cool,  gases. 

At  the  smelting  and  refining  works  of  Tarnowitz,  Silesia,^ 
the  gases  are  cooled  by  pipes,  with  circulating  water,  sus- 
pended in  a  brick  cooling  tower  16  ft.  6  in.  by  6  ft.  6  in.  and 
32  ft.  10  in.  high.  This  is  closed  at  the  top  by  an  iron  plate 
with  180  holes  through  which  pass  bundles  of  these  cooling 
pipes,  Fig.  776.  Each  bundle  consists  of  a  central  water-inlet 
pipe,  c  (16  ft.  6  in.  long  by  i  5/8  in.  in  diam.)  surrounded  by 
six  smaller  pipes  25/32  in.  in  diam.  The  lower  ends  are 
screwed  into  an  iron  cap  with  cleaning-hole,  g\  the  upper 
ends  pass  through  a  similar  cap,  k\  between  the  collar,  /,  of 
the  latter  and  the  cover,  e,  of  the  tower  is  placed  a  rubber 
gasket  to  insure  a  tight  joint.  Dust  adhering  to  the  pipes 
is  removed  periodically  by  a  jet  of  steam  introduced  through 
a  movable  central  pipe  provided  with  nipples  at  certain 
intervals.  The  use  of  cooling  coils  by  Schlosser  and  Ernst' 
accomplishes  a  similar  result. 

Apparatus  resembling  vertical  tubular  boilers  are  used  for  cooling  gases 
from  by-product  coke-ovens  to  condense  vapors  and  recover  tar  and  ammonia- 
water.  They  are  unsuited  for  dust-laden  gases,  as  the  passages,  usually  small, 
would  be  choked  in  a  very  short  time. 

Most  of  the  flues  and  dust-chambers*  of  non-ferrous  plants  are  built  of  solid 
or  hollow  brick,  cement  concrete,  and  reinforced  concrete  {Monier  system). 
Glazed  earthenware  pipes  are  serviceable  for  small  volumes  of  corrosive  gases. 

Brick  forms  the  common  building  material.  In  former  times  the  walls 
were  made  very  thick,  and  flues  as  well  as  chambers  were  placed  underground. 


Fig.  776. — Bundle 
of  cooling  pipes. 


^Freiberg  Jahrb.,  1879,  P-  i5i« 
Hofman,  "Lead,"  1898,  p.  386. 

*  Saeger,  ZL  Berg.  Hutlen,  Sal.  Wesen  i.  Pr.,  1893,  xlv,  280. 

•  Berg  HUttenm.  Z.,  1885,  xliv,  464;  1887,  xlvi,  134. 

*Lcc,  BuU.  Tech.  Eng.  Soc.  Colo.  School  Mines,  1909,  rv,  197;  Min.  5c.,  1909,  Lx,  556;  Min., 
Jnd,,  X909,  xvm,  497. 
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Fig.  777.^Btick  dust  flue 


At  present  the  side  walls  are  usually  13  in.  thick  and  the  arch  9  in.;  the  flueo 
chamber  is  placed  on  the  ground  or  is  elevated  in  order  to  facilitate  the  dischaigc 
of  accumulated  dust.  A  dust-flue,'  as  seen  frequently,  is  shown  in  Fig.  ;jj. 
The  gases  enter  through  the 
opening,  g,  in  the  arch;  oo 
the  side  near  the  flow  at 
small  openings,  b,  g  ft,  4  in. 
apart  and  diagonally  oppo- 
site one  another,  through 
which  settled  dust  is  raked 
out  periodically.  This  dis- 
charge of  dust  is  made  more 
easy  by  a  flue  ha\ing  a 
sloping  bottom  the  lower 
side  of  which  is  high  enou^ 
-  to  permit  running  a  cai  b^ 
neath  the  discharge  and 
taking  the  dust  into  it 
Another  form'  with  flat- 
ter roof  is  the  one  shown  in  cross-section  In  Fig.  778,  The  footing,  of  concrtte, 
is  from  15  to  24  in.  deep  and  from  10  to  18  in.  wide.  The  thrust  of  the  aich 
is  calculated  according  to  the  formula  J  =  1.500  L* :  r,  in  which  T  equals  the 
horizontal  component  of  the  arch  .  , 

thrust  in  lb.  per  linear  ft.  of  arch, 
m  =  weight  of  arch  and  superim- 
posed load  in  lb.  per  sq.  ft.;  L  = 
length  of  span  in  ft.;  r=riEe  of 
arch  in  in.  The  buckstays,  skew- 
backs  and  tie-rods  are  so  calcu- 
lated as  not  to  be  strained  above 
the  elastic  limit,  should  one  set 
fail.  In  calculating  the  fooling, 
the  bearing  power  of  the  soil  is 
taken  as  2  tons  per  sq.  ft.  The  ' 
compressive  strength  of  ordinarj'  < 
brick  is  taken  as  200  lb.  per  sq. 
in.,  stresses  due  to  wind  pressure 
arc  neglected  as  long  as  the  height 
of  the  ilue  does  not  exceed  14  ft. 

In  several  modern  plants  producing  much  dust,  the  flue  or  chamber  is  eI^ 
valed,  being  supi>(>rtf(l  liy  a  steel  structure,  and  the  bottom  made  up  of  a  series 
of  hoppers  whence  the  dust  is  discharged  into  cars  run  beneath  them.  ^ 
typical  example  of  this  form  is  furnished  by  the  chambers  of  copper-smelting 

'  llofiiian,  "I.<.':ul,''  iSiJO.  [i.  310,  I'ii;.  305. 
'  J,(r-IIi>fm:in,  Miu.  Ind.,  \iwi),  xviii,  ^iqq. 
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plant.at  Anaconda,  Mont.*  At  this  plant  the  chambers  of  the  roasting,  blast- 
furnace-smelting, reverberatory-smdting,  and  converting  departments  are  9 
ft  above  the  ground  and  have  a  series  of  (Uscharging  hoppers  on  the  bottoms. 
These  chambers  are  all  built  of  brick  in  steel-framings,  the  roofs  are  either 
smaller  or  larger  brick  arches  supported  by  I-beams  or  they  are  built  of  concrete 
•nd  ratpanded  metal     The  flues  from  the  several  chambers  (488-1-1^53+842 


nc.  779. — Vertical  cross-sectioD  through  bUst-Iumace-buildiiig,  Anaconda,  Montana. 


-(~703'~3,686  ft.  long)  leading  into  a  main  flue  are  placed  partly  underground, 
as  is  the  case  with  the  main  flue;  the  latter  is  60  ft.  wide  by  1,233  *'■  l**"?  ^'^^  '* 
duplicated  for  a  distance  of  995  ft.  to  the  foot  of  the  stack. 

Fig.  779  r^resents  a  general  cross-section  of  the  blast-furnace  building 
of  the  Anaconda  copper-smelting  works.  The  building  has  three  divisions;  in 
the  center  is  the  blast-furnace  with  feed-floor, 
bustle-pipe  and  settler;  to  the  left  are  the  de- 
pressed track  for  the  matte-car  and  the  hood 
for  carrying  off  gases  arising  from  the  liquid 
matte;  to  the  right  is  the  elevated  dust-chamber 
38  ft.  I  in.  by  275  ft.  with  a  slanting  roof  rising 
from  34  ft.  3  1/2  in.  up  to  38  ft.  3  1/2  in.  high. 
The  gases  pass  from  the  blast-furnace  through  - 
an  inverted  siphon  into  the  chamber.  The  side- 
walls  are  brick  set  in  fteel  framing;  the  roof  is 
of  reinforced  concrete;  the  sulphurous  gas  bad  such  a  corrodve  effect  that  this 
material  had  to  be  replaced  by  brick  which  were  laid  between  steel  rails  placed 

'  Cormpondent,  Eitg.  Min.  J.,  1903,  lxxvt,  g6i. 
McDougall,  Trans.  Canad.  Sae.  Civ.  Eng,,  1904,  p.  357;  Can.  Min.  Rev.,  1905,  XXIV,  16. 
Austin,  Tr.  A.  I.  if.  E.,  igo6,  xxxvii,  478,  Min.  Sc.  Prest,  1907,  xcv,  649. 


Fig.  780. — Catenary  curve. 
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9  in.  apart.  The  floor  is  made  tq>  of  four  rows  of  hoppers  ninniDg  lengthwise. 
The  roof  and  floor  are  supported  by  three  rows  of  6-in.  columns  placed  8  ft 
apart.  When  first  erected,  the  chamber  had  a  longitudinal  partition  wall  in 
order  to  lengthen  the  path  of  the  gases.  It  was  soon  found  that  practicality 
all  the  dust  settled  in  the  inlet  division,  and  the  partition  was  then  removed. 
Th«  chamber  collects,  in  24  hr.,  60  to  70  tons  of  coarse  dust  which  is  smelted 
in  the  reverberatory  furnaces  treating  roasted  concentrates. 

The  ordinary  form  of  flue  with  vertical  side- walls  has  to  be  bound  with 
skewbdcks  and  tie^rods.  This  is  not  necessary  if  the  cross-section  has  the  form 
of  an  inverted  catenary  curve, ^  as  shown  in  Fig.  780.  Many  dust- flues  in 
rtxvat  years  have  been  built  in  this  form.  Table  249  serves  to  lay  out 
catenaries  in  which  H  :  B  =  o.y$  approximately.  This  fixed  ratio  requires 
a  value  for  C  which  is  different  for  each  curve;  it  has  been    calculated 


avwrditm:    to     the  equation    of    the  catenar>',   y  = 


X  _  X 

-\C    +  e     /in  whichr 


>.7ii^.\  the  na^H^rian  base. 


Table  249. — Catenary  Flues 


Values  for  Y-C  in  feet,  with  X 
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Ihu-t,  \\ith  />*  =  S  ft.;  supposing  :r  =  4,  the  end  of  the  curve,  the  value  of  Y-C 

^     ID  will  be  0. 

I  Kc  wull.^  of  the  flue  are  usually  9  in.  thick. 

bii;.  7S1  i^i  a  cross-section  of  a  catenary  flue.  The  most  economical  cross^ 
,u  lua^  i.s  obtaiui^l  by  making  the  height  75  per  cent,  of  the  base  and  the  cross- 
,uu^^^*^^  ^rca  55  per  cent,  of  the  square  of  the  base.  A  flue  of  9-in.  brick, 
v^i  U  Ki)ih  anil  22  ft.  wide  at  the  base,  can  stand  a  wind-pressure  of  10  to  12  lb. 
II  4  ,u  II.  of  exposiHl  area.  In  order  to  guard  against  accidents  due  to  di£t(^- 
viv«u  vau.^cil  by  settlement,  excessive  external  load  or  corrosion  on  the  inside, 

^  lU  \\Mi^  t^na.  Mht. ./..  1900,  Lxxx\'m,  257. 
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some  flues  recently  built  have  been  strengthened  by  ribs  of  reinforced  concrete, 
spaced  from  6  to  10  ft.  apart.  In  a  flue,  expansion  joints,  2  in.  wide,  are  pro- 
vided every  100  ft.    They  are  covered  with  one  thickness  of  brick  laid  dry. 


Section  thcough 

Reinforcement 

Rib  and  Flue, 

Wall. 


Fic.  781.— Catenary  flue. 


An  add-proof  mortar  for  laying  a  4-in.  course  of  vitrified  brick  consists  of 
barite  mixed  with  a  lo-per  cent,  solution  of  commercial  (50  per  cent,  pure) 
water-glass. 


Figs,  781  and  78J. — Monier  dust-flue,  Freiberg,  Saxony. 

In  the  catenary  flue  of  Murray,  Utah,'  the  bricks  are  laid  in  two  courses 
of  stringers  with  headfers  every  sbcth  row  and  3- in.  expansion- joints  every  so  ft. 
'  ifiit.  Itid.,  1907,  XVI,  66$. 
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Ordinary  brick  has^  been  replaced  in  some  instances  by  cement  concrete 
which  has  proved  satisfactory  as  long  as  the  gases  are  not  too  sulphurous. 

Reinforced  concrete  has  been  a  success  in  some  instances  and  a  failure  in 
others.  In  its  original  form  as  Monier  material  it  was  introduced  in  the  Harz 
Mountains*  in  1892,  in  Silesia*  in  1893,  in  Saxony*  in  1894.  The  Monier  flue 
of  Freiberg,  Saxony,  is  shown  in  Figs.  782  and  783.  It  consists  of  a  wire  lattice 
with  cement  concrete,  i  in.  thick,  on  either  side.  In  building  the  flue,  the  wire 
lattice  (2  3/4-in.  mesh,  3/16-in.  horizontal  and  1/4-in.  vertical  wires  with 


Fig.  784. — Monier  dust-flue,  LeadviUe,  Colo. 

3/8-in.  wires  at  short  intervals)  is  stretched  over  wooden  centers,  70  to  80 
ft.  long,  and  kept  i  in.  away  from  them  by  small  blocks;  concrete,  consisting  of 
two  parts  cement  and  one  part  sand  (one-half  0.4-0.6  in.,  one-half  30-mesh  and 
finer)  or  one  cement  and  two  sand  is  pressed  through  the  wire  lattice  until  the 
space  imdemeath  is  filled  and  then  a  layer  i  in.  thick  tamped  down  on  top, 
making  the  wall  2  in.  thick.  In  a  few  days  the  concrete  has  hardened  so  that 
the  center  can  be  taken  down;  butresses  of  similar  concrete  are  placed  at  inter- 
vals of  6  to  7  ft.     When  a  wall  is  finished,  the  bottom  is  tamped  3  1/8  in.  thick 

liMlde  of  Flo».WlMl><d  with  lift  Owaaat  ^  Mbrt«r,  I  Cement,  Iftukl  ^  "•^'^ 

*•»*•  >(iHoIe'  txJiilatlroa. 

Fig.  785. — Monier  dust-flue,  Lead vi lie,  Colo. 

with  concrete;  the  inside  and  outside  of  the  side-wall  is  coated  with  a  thin  layer 
of  cement  mortar  while  the  bottom  receives  a  layer  25/32  in.  thick;  lastly  the 
inside  is  coated  with  acid-proof  paint  and  the  outside  with  tar. 

At  the  lead-smelting  works  of  the  Arkansas  Valley  Smelting  Co.,  Leadville, 

Colo.,  Messiter^  constructed  a  catenary  flue  of  concrete  reinforced  by  expanded 

etal,  Figs.  784  to  787,  to  conduct  the  gases  from  the  roasting  furnaces  to  the 

*  Stahl  tt.  EiscKt  1893,  xn,  867;  Berg.  HUUenm,  Z,,  1893,  lii,  22. 

^SiaU  u.  Eisen,  1893,  xii,  867;  Berg.  HiUUnm.  Z.,  1893,  i-ii,  22. 

•Z/.  Berg.  HiUten  Salinen  Wesen  i.  P.,  1893,  XLI,  267;  Berg.  IliUtsnm.  Z.,  1894,  Liu,  299. 

^Freiherger  Jahrh.,  1894,  p.  34;  Eng.  Min,  /.,  1895,  Lix,  342. 

»  Eng.  News.,  1899,  xlu,  356,  through  Min,  Ind.,  1900,  dc,  455. 
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*  tta^  Channel-irons,  bent  to  the  form  of  a  catenary,  are  set  15  itt.  apartin 
concrete  base-walls,  and  connected  by  bars  of  flat  iron  fastened  by  diached 
staples.  To  the  inside  of  the  channels  and  bars  is  wired  a  lathing  of  expanded 
■metal,  and  the  whole  embedded  in  cement  concrete  making  a  wall  2  1/4  in.  thick. 
The  in^de  is  coated  with  cement  mortar  and  then  a  wash  of  neat  cement  is 
iq^Iied.     Fig.  7S7  represents  one  of  the  openings  in  the  crown  of  the  arch. 


Fic.  786.- 


Leadville,  Colo. 


Other  forms  are  given  by  Welsh,^  Edwards,'  and  Lee";  the  different  shapes 
of  expanded  metal  are  described  in  Iron  Age,  1906,  lvi[,  13. 

The  evidence  furnished  regarding  the  effect  of  heat,  moisture  and  acid  upon 
concrete  is  somewhat  conflicting.  Since  cement  begins  to  give  up  its  water  at 
500"  C,  heat  alone  will  have  no  harmful  effect.  As  long  as  a  flue  is  well 
built  and  of  the  right  mixture,  there  is  no  reason  why  rain-water  should  per- 
colate through  the  minute  cracks  caused  by  expansion  and  contraction  as  long 
as  the  flue  is  well  coated  'Aith  an  elastic  and  impervious  material.     Flues  are 


Fig.  787.— Monier  dusl-flue,  LeadviUc,  Colo. 


usually  covered  with  a  rough  shed.  There  appears  to  have  been  some  diffi- 
culty in  finding  an  acid-resisting  coating  for  the  interior.  Thus  at  Anaconda* 
reinforced  concrete  was  so  badly  corroded  that  it  had  to  be  replaced  by  brick, 
while  at  the  Butte  Reduction  Works'  it  appears  to  have  stood  satisfactorily. 
The  general  opinion  is  that  concrete  flues  are  short-lived,  hence,  in  order  to 

'  Eng.  Min.  J.,  1904,  t3(vm,  348. 

■  Tf.  A.  I.  M.  E.,  1905,  xxx\,  75,  965- 

*  BuU.  Tech.  Eng.  Soc,  Colo.  School  Mines,  1909,  rv,  197;  Mining  Sc,  igog,  IX,  556;  Min. 
Ind.,  1909,  xviri,  498. 

*  McDougall,  Can.  Soc.  Civ.  Eng.,  1904,  p.  357;  Ciiii.  Min.  Rev.,  1905,  xxiv,  260. 

*  Vfttbey,  E»g.  Min.  J.,  :909,  ixxxviit,  1 153. 
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avoid  accidents,  they  are  usually  built  of  brick  and  of  vitrified  brick  if  the 
gases  are  sulphurous.    The  catenary  form  is  the  more  generally  used.^ 

The  cooling  effects  of  different  building  materials  is  shown  by  the  following 
dita  from  the  Frdberg  smelting  and  refining  works.*  The  temperature  of  the 
g-jk^e^  IS  reduced  i^  C.  for  ioo°  C.  difference  between  outside  and  inside  by  pass- 
ing through  Q  ft  loin.  of  lead  flue;  14  ft.  9  1/8  in.  of  Monier  flue  with  two  sides 
<.\po^ed  to  the  air;  19  ft  8  1/4  in.  of  brick  flue  with  two  sides  exposed;  27  ft 
i  j;  4  tOL  vrf  Mooier  flue  with  one  side,  and  39  ft.  4  3/8  in.  of  brick  flue  with  one 
^iv6e  if.xposK%L  Lee'  states  that  the  loss  in  temperature  in  brick  flues  with 
^bkic!*.  t^t  ux.  thfick  and  roof  9  in.  thick,  is  in  100  ft.  of  flue  0.154°  C.  for  e\'ery 
v£kccns<  O  vfi/fenfflBce  between  the  temperature  of  gases  inside  and  atmosphere 
v/ujc^iv6r^  A^xvnSng  to  C.  L.  Norton*  there  is  a  loss  of  2.40  B.t.u.  per  sq.  ft 
:jvr  tr  5^  t^  F.  vSieneiice  between  an  iron  pipe  and  its  surroundings. 

STSMTca*  bifcs  lAcviscd  a  new  plan  for  cooling  the  sulphurous  gases  from 
*>Ajis»utt^  !uniiiic«?*  and  for  odlecting  the  values  they  contain  by  combining  the 
>^p:«iv*nidNC  and  recuperative  s>'stems  ordinarily  used  for  pre-heating  air.  In 
tiK  rx^ccticnitive  port  he  cook  the  gases  leaving  the  roasting  furnace  at  300°  C. 
vivwit  tQ  jcc^  C«  This  limiting  temperature  is  chosen,  as  in  concentrating  dilute 
<4U|Kiurtc  ^d  a  loss  in  add  by  evaporation  occurs  only  when  the  add  has 
r%^<u;hcd  d  strength  of  50  to  60°  Be,  and  the  boiling-point  of  such  add  lies  at  about 
,\^ '  C.  The  regenerator  is  filled  with  rhomboid  day  cross-bars  or  Freudenberg 
'.K;iU>^  vstx  bdow),  or  clay  brick  spaced  in  such  a  way  as  to  give  free  passage  to 
•Jw  -ici^cs  ^similar  to  brick  hot-blast  stoves.  It  is  operated  intermittently  in  a 
•uumicr  resembling  that  of  the  Siemens  regenerator,  thus  utilizing  the  heat 
xUHcvi  iu  the  tilling-material.  In  the  recuperator,  filled  i^-ith  acid-proof  brick 
m  .V  iiKUUKT  similar  to  that  of  the  hot  chamber,  the  gases  are  cooled  from  200* 
V,'  lo  .iUiK>sphcric  temperature;  the  air  passes  seriatim  through  a  number  of 
V  h.iiubvHS  ri^^mbling  in  arrangement  a  continuous  brick  kiln,  and  is  discharged 
luuv  the  *.»tKHi;  one  chamber  is  always  cut  out  of  circuit  to  be  cleaned  by  spraying, 
l^u^^ings  K}i  a  plant  intended  to  serve  three  reverberatory  roasting  furnaces 
vuih  ihiw  hot  and  one  cooling  chamber  are  given  in  the  original  article. 

.i^i>«  Retarding  the  Gas-current. — The  three  leading  methods  for  diminish- 
ing I  Kc  N  cKk  ity  of  the  gas-current  are  enlarging  the  volume  of  the  flue,  changing 
ihv  vliu\l»oi\  of  the  current,  and  increasing  the  contact-surface.  Hering*  has 
^hv»^ui  lK.4l  the  vel«.K'ity  of  an  air-current  in  a  flue  is  greatest  along  the  center- 
Inu  vL  ^K'f  A  the  height;  it  diminishes  little  upward  but  much  downward,  so 
luvu  U  v^  ih.a  there  nuiy  be  even  a  small  counter-current  on  the  bottom.  Most 
v«i  lUv  vUi»t  vollects  on  the  floor,  while  some  adheres  to  the  roof. 

'  \hu4.u.  ^  l.k^'.  ^/*«-  ^«<'-.  »yo7.xvi,  665;  Rio  Grande,  N.  M.,  Mines  and  MincrdSy  1908, 

*  li.ui^  I.  /«'w^/<   fahrb.,  iSy4.  p.  55. 

*  \\\\  o>   V  Mitkiitvtiiivation. 

*  Iji.w.M,/.^." .  ^vvit«,  m,  747»  774»  805. 

<i^  kit*'  I*-  *• 
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Enlargiiig  a  flue  greatly  assists  the  settling  of  dust.  The  result  is  not,  how- 
ever, as  effective  as  might  be  supjwsed,  as  the  gas  current'  does  not  fill  the 
enlarged  flue.  It  passes  through  it  with  but  a  slightly  diminished  velocity  and 
makes  eddies  in  the  remaining  space,  hence  it  deposits  only  a  comparatively 
small  portion  of  the  suspended  dust.  Tapering  the  approach  to  the  dust 
chamber  improves  matters  somewhat.  In  all  cases  a  flue  or  chamber  ought  to 
have  transverse  walls  rising,  say  i  or  2  ft.,  from  the  floor  to  hold  in  place  the  dust 
which  has  settled  out. 

The  experimental  results  of  Lee^  at  the  Copper  Queen  smelter,  Douglas, 
Ariz.,  indicate  the  contrary.  He  used  an  enlarged  chamber  and  found  that 
as  long  as  the  velocity  of  the  gases  did  not  exceed  150  ft.,  per  min.  a  chamber 
125  ft,  long  was  sufficient  to  settle  all  the  recoverable  dust. 

Changing  the  direction  of  the  gas-current  is  effective  with  coarse  particles  of 
dust,  if  the  change  is  large  enough,  as  e.g.,  180  deg.  in  the  down  comer  of  an  iron 
blast-furnace,  and  if  at  the  same  time  the  velocity  is  decreased.  Fine  particles 
require  additional  obstacles  to  force  them  out  of  the  current.'  The  practice 
oi  many  non-ferrous  smel ting-plants  of 
directing  the  gas-current  in  a  zig-zag 
course*  in  dust  chambers  over  one  partition 
and  under  the  next  has  become  about 
obsolete,  because  the  diminution  of  the 
velodty  of  the  current  is  too  small. 

Increase  of  surface  remains  as  the  last 
expedient.  The  larger  the  surface  the 
greater  the  friction  between  the  stationary  Fig.  ;88.— Zig-zag  fiue,  plan. 

wall    and    the    moving    gas- current,    and 

hence,  the  less  velocity.  In  many  cases  this  has  been  attained  by  erecting 
the  main  stack  some  distance  from  the  works  and  connecting  it  with  a 
long  flue.  Anaconda  (p.  839)  with  its  3,686  ft,  of  flues  is  a  striking  example. 
With  lack  of  room  for  a  long  flue,  a  zig-zag  flue,  as  shown  in  Fig.  7S8,  is  in  place, 
but  here  the  bottom  and  the  sides  facing  one  another,  will  be  imperfectly  cooled 
unless  the  whole  system  is  elevated  so  as  to  allow  the  air  to  have  free  access. 
Freudenberg'  increased  the  surface  of  the  flue  by  suspending  in  it  sheet-iron 
plates  parallel  with  the  air-current,  and  found  that  the  amount  of  flue  dust 
settled  was  proportional  to  the  surface-area  with  which  the  current  had  come 
in  contact.  A  cross-section  of  a  flue  with  suspended  plates  is  shown  in  Fig. 
789.     Sheet-iron  plates  B,  of  1/32  in,  iron,  are  suspended  by  riveted  iron  hooks, 

'  Messitcr,  Uin.  Sc.  Press,  190S,  xcvii,  »6. 
'  Eng.  Min.  J.,  1910,  xc,  504. 

*  Kroupa,  Oesl.  Zl.  Berg,  Hiillenw.,  11)05,  t.iii,  347. 

*  Examples,  see  Hering,  op.  cil,,  Plates  6  and  7. 

'Die  auf  der  Bleihiittc  bei  Ems  zur  Gewinnung  des  Flugstaubes getroflenen  Einiicht- 
ungen,"  Ems,  1S81,  transcription  by  Egleston,  Tt.  A.  I.  it.  E.,  iSSj.xi,  379;  abstract, £rj. 
ifin.  J.,  i88j,  xxxiv,  379;  comment  by  Stetefcldt,  Eng.  Min.  J.,  1883,  xxxvi,  51;  drawings 
of  the  Freiberg  plant,  Freiberg.  J ahrb.,  1894,  p.  39;  Min,  Ind.  1S95,  iv,  476;  Hofman,  "Lead," 
i8»8,  p.  390. 
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4  3/8  to  s  7/8  in.  apart,  from  pins  passing  through  cr<»&-bar5  L.  The  dust 
when  grown  to  a  thickness  of  i  1/8  to  i  1/4  in.  becomes  detached  and  falls  to  the 
bottom  on  which  every  16  to  20  ft.  cross-partitions,  Z,  7  3/4  in.  high,  txdted  to 
cast-iron  supports,  prevent  the  settled  dust  from  being  taken  up  again  by  (be 
draft.     The  temperature  of  the  sulphurous  gases  may  not  fall  below  50"  C, 


Fig.  789. — Dust-flue  wilh  Freudenberg  plates,  Ems,  Prussia. 


tfOfr^fn 


Tnr 


Figs.  7QO  t< 


— Roesing  wire-system. 

Drawings  of  the  Freudenberg  piati 


us  otherwise  the  plates  are  attacked, 
iit  rVeihiTK  have  been  published.' 

KofsidR'  substituted  iron  wires  for  Freudenberg  plates.     At  Tarnowil 
Silisia,'  where  this  system  was  first  introduced,  the  wires  are  No.  10  gauge  ar 
'  h'triherfJiihih.,  1894,  p.  39;  E«g.  3fin.  J..  1895,  xrix,  342;  Mi'n.  Ind.,  1895,  tv,  476. 

I|..|ii>.>i.,  "[..■arl,"  11.391. 
Ml    ',    I'.ihiil,  Nil.  4,?2  440>  July  15.  'f'oo- 

".. ,  //   /(i-v   Iliillrn.Salin.  W.  i.P..  iSoj.  v[',  ibT. 

tl-liu.u<,  "l.iMil,"  iHyS,  p.  joi. 
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zo  ft.  long.  The  manner  of  suspension  is  shown  in  Figs.  790  to  792.  A  wire- 
screen  e  with  i-in.  holes  is  riveted  to  I-beams,  d,  extending  along  the  top  of  a  flue 
which  is  16  ft.  6  in.  high;  from  it  are  suspended  the  wires  as  indicated.  A  shak- 
ing system  assists  in  detaching  the  dust  The  system  is  in  operation  at  the  lead 
works  of  Scheriau,  Austria.^  At  the  Boston  &  Montana  Works,  Great  Falls, 
Mont.,*  the  Roesing  system  has  been  introduced  on  a  large  scale. 

333.  Centrifugal  Apparatus.^ — The  separation  of  particles  having  a  specific 
gravity  of  from  1.5  to  3.0  from  furnace-gases  with  a  specific  gravity  of  perhaps 
0.013  ^y  m^&ns  of  centrifugal  force  is  promising.  The  action  of  this  force 
upon  particles  of  dust  and  gas  of  equal  volume  is  proportional  to  their  specific 
gravities.    With  the  specific  gravity  of  flue  dust  s^t  1.5  and  that  of  gas  at  0.013, 


Figs.  793  and  794. — Hempel  centrifugal  dust-separator. 


the  acceleration  of  the  dust  would  be  1.5  :o.oi3  =  ii5  as  great  as  that  of  the 
dust.  This  figure  is  excessive,  as  the  dust  particles  are  permeated  by  gas; 
nevertheless  there  is  a  considerable  margin.  In  a  centrifugal  fan  the  dust 
would  be  thrown  against  the  casing  to  be  removed  by  some  suitable  device. 
According  to  Babu^  this  method  is  in  operation  in  France  in  an  antimony- 
plant  to  recover  fume  from  blast-furnace  gas.  Hempel's  laboratory  appara- 
tus* with  which  he  succeeded  in  separating  zinc  fume  from  a  gas-current  is  rep- 
resented in  Figs.  793  and  794.  A  fan-wheel  B  with  eight  blades  is  driven  at 
1,000  to  3,000  r.p.m.  in  a  casing,  C,  which  is  closed  at  the  top  and  surrounded 
by  a  housing,  A ,  having  a  conical  bottom  with  discharge^spout,  c,  and  remov- 
able cover,  a.  The  dust-laden  gases  enter  at  /,  are  thrown  by  centrifugal  force 
against  the  projections  of  casing  C;  the  dust  glides  downward  and  is  collected 
in  housing  A ,  while  the  purified  gas  leaves  through  pipe  e.    Centrifugal  appara- 

*  Min,  Ind.f  1906,  xv,  536. 

*  Havard,  Min.  Ind,y  1908,  xvii,  323. 
Herrick,  Mines  and  Minerals.,  1909,  xxx,  259. 
Goodale,  Tr.  A.  /.  M.  £.,  1909,  xl,  891. 
Roesing,  Chem.  Z.,  19 10,  xxxiv,  p.  1066. 

'  Stieber,  Siahl  u.  Eisen,  1902,  xxii,  391. 
Mees,  Zt.  Verein,  detUsch.  Ing.,  1909,  liii,  602;  Rev.  Mit,  Exir.,  1909,  vi,  709. 

*  Mikdlurgie  G^nirale,  11,  667. 

^Berg.  natlenm.  Z.,  1893,  "i,  3SS»  365- 
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tus  have  been  used  so  far  mainly  for  washing  tunnel-head  gas  of  the  iron  blast- 
furnace (see  below). 

334«  Filtration  of  Fume.' — This  operation  is  confined  to  the  recovery  of  the 
finest  dust  or  of  fume  after  most  of  the  coarser  particles  have  been  settled  out 
of  the  gas-current.    Filtration  presupposes  that  the  gases  have  been  cooled 

The  resistance  that  all  filters  offer  to  the  passage  of  gases  requires  the  appli- 
cation of  artificial  draft,  usually  obtained  by  means  of  centrifugal  fans  placed 
either  behind  the  settling  chamber  or  before  the  filter  chamber.  Lead-smdting 
plants  have  fans  capable  of  moving  from  150,000  to  250,000  cu.  ft  gas  per  min. 
All  dry-filtering  apparatus  require  periodic  cleaning  of  the  filter.  Various 
filtering  media  have  been  used,  such  as  coke,  charcoal,  twigs,  wood-shavings, 
saw-dust,  bags  made  of  straw,  coco  fiber,  cotton,  wool,  etc  With  all  of  them 
the  filtered  gas  still  retains  some  solid  matter,  as  the  openings  in  a  filter 
suited  for  furnace-gas  cannot  be  made  so  small  as  to  hold  back  all  the  solid 
matter. 

Towers  filled  with  filtering  material  have  been  put  in  operation  repeatedly, 
but  have  been  failures,  at  least  with  flue  dust.    The  careful  experiments  of  fles' 
with  coke,  e.g. ,  showed  that  dry  coke  caught  only  part  of  the  fume  in  roaster  gases, 
and  that  after  a  short  time  the  lower  part  of  the  column  became  choked  with 
dust.     Filtering  towers  are  in  place  for  removing  small  residual  quantities  of 
solid  matter  from  gases  already  purified  by  other  means  as,  e.g.,  in  reducing  the 
solid  matter  from  0.44  to  below  0.044  grains  per  cu.  ft.,  the  limit  at  which  a 
gas-engine  ceases  to  do  satisfactory  work.'    The  other  filtering  materials  used 
in   towers  work  are  as  unsatisfactorily  as  is  coke.    There  remains  filtering 
through  cloth.*    Loosely  woven  cotton  (muslin)  and  unwashed  wool  are  the  two 
materials  that  are  used.     It  is  believed  that  the  nap  plays  an  important  r61e 
in  collecting  the  fumes;  straw  filters  have  been  a  failure.     In  general,  it  maybe 
said  that  the  temperature  of  the  gases  to  be  filtered  ought  not  to  exceed  90°  C 
if  cotton  is  used,  and  not  more  than  120°  if  wool  is  used;  if  it  falls  below  45  to 
50°  C.  the  acid  in  the  gases  quickly  corrodes  the  filter.     lies'  has  shown  that  at 
100°  C.  muslin  becomes  slightly  colored  but  not  weakened;  that  at  125°  it  turns 
light  brown  and  is  slightly  weakened,  and  that  at  150°  it  turns  a  dark  brown 
and  tears  readily.     As  a  rule  the  gases  have  a  temperature  of  from  60  to  85**  C. 
before  they  enter  a  bag-house.     If  warmer,  they  are  cooled  by  being  made  to 
pass  through  flues  or  by  diluting  them  with  air,  and  frequently  both  methods  are 
employed.     Cotton  may  last  two  years®  and  wool  eight  years,  although  usually 
the  life  of  a  filter  is  much  shorter;  cotton  costs  about  1/6  the  price  of  wool  and 
collects  about  1/3  less  dust.     Cotton  is  the  common  filtering  material  when 
the  gases  are  free  from  corrosive  acids  or  salts.     It  weighs  0.4  to  0.7  oz.  per  sq. 

1  lies,  M.  \V.,  "Lead  Smelting,"  Wiley,  New  York,  1902. 

*  Op.  cit.,  p.  167. 

'  Sahlin,  Cass.  Maf^.,  1905,  xx\iii,  441. 

*  Kbau^h,  J.  Ind.  and  Eng.  Chcm.^  1909,  i,  686;  Eng.  Afin.  /.,  1909,  Lxxxvni,  102a 
*()/>.  f//.,  p.  210. 

*  Eiiers,  Tr.  A.  I.  M.  £.,  1912, xun,  -joS. 
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ft.  and  contains  42  to  50  threads  to  the  linear  inch  both  in  warp  and  woof; 
the  usual  grade  weighs  0.6  oz  and  has  46  threads  each  way. 

The  use  of  filter-cloth  either  in  form  of  zig-zag  sheets  or  of  bags,  has  been  a 
success  so  long  as  the  gas  does  not  contain  any  sulphuric  acid  or  soluble  metallic 
sulphate,  as  these  corrode  both  cotton  and  wool,  the  former  a  great  deal  more 
quickly  than  the  latter.  Gases  from  furnaces  roasting  sulphide  ore  have  either 
to  be  treated  in  another  way  or  the  add  must  first  be  neutralized. 

According  to  the  process  patented  by  Sprague^  the  sulphuric  add  of  sulphur^ 
ous  gases  is  readily  neutralized  by  means  of  zinc  oxide,  and  it  probably  is  the 
presence  of  zinc  oxide  in  the  sulphurous  gases  produced  in  the  Bartlett  process' 
which  allows  of  their  being  filtered  even  by  cotton  bags.  Zinc  sulphate 
is  practically  stable  below  720°  C,  Table  53.  At  the  works  of  the  U.  S. 
Smelting  Refining  and  Mining  Co.,  Mid  vale,  Utah,  zincky  middlings  mixed 
with  about  30  per  cent,  of  fine  coal  are  treated  on  a  Wetherill  grate,  Fig. 
208.  The  gases  laden  with  zinc  oxide  are  drawn  into  the  flue  through  which 
pass  the  sulphurous  gases  from  lead  and  copper  blast-furnaces,  copper  con- 
verters and  blast-roasters  on  the  way  to  the  bag-house.  Any  lack  of  zinc 
oxide  is  made  up  by  feeding  this  material  into  the  inlet  of  the  suction-fan. 
Burnt  lime  is  used  to  some  extent  to  take  the  place  of  the  more  expensive  zinc 
oxide  although  it  is  not  as  active  an  agent.  Neutralization  is  accomplished 
only  if  the  temperature  of  the  gases  is  below  120°  C;  usually  they  are  cooled 
down  to  100°  C. 

Gases  from  Mac  Dougall  and  reverberatory  roasting  furnaces  contain  much 
SOs;  and  consume  correspondingly  large  amounts  of  neutralizing  agents.  Hand 
reverberatory  roasters  furnish  a  dust  that  shows  a  tendency  to  self-ignition 
and  thus  endangers  the  life  of  the  filtering  plant;  the  dust  does  not  burn  with  a 
flame,  it  simply  smolders. 

Zig-zag  filters  of  Brown  and  De  Camp*  at  one  time  took  care  of  the  gases 
from  ten  lead  blast-furnaces  at  Omaha, Neb.  (42 X 120  in.  at  the  tuyere-section). 
They  were  drawn  through  a  flue  800  ft.  long  and  64  sq.  ft.  cross-section  by  a 
12-ft.  Murphy  fan*  making  200  r.p.m.,  cooled  thereby  to  65°  C,  and  delivered 
to  the  filter-building  nearby.  This  had  four  chambers,  29X99  ft,  so  arranged 
that  any  one  of  them  could  be  cut  out  for  the  purpose  of  cleaning,  repairing,  or 
burning  the  settled  dust.     At  a  distance  of  12  ft.  above  the  floor  were  placed, 

*  U.  S.  Patent,  No.  931,515,  Aug.  17,  1909;  Min.Sc.^  1908,  lvii,  53;  Min,  World,  1909 
XXXI,  533. 

Ebaugh,  /.  Ind.  and  Eng.  Chem.y  1909,  i,  686;  Eng.  Min.  /.,  1909,  Lxxxviii,  1020. 

Rice,  Min.  Methods,  1909,  i,  9. 

Sprague,  Min.  Sc,  1908,  lvii,  53;  Min.  World,  1909,  xxxi,  553;  Eng.  Min.  J.,  19 10, 
LXXXDC,  519;  Min.  Methods,  1910,  i,  519;  Eng.  Min.  J.,  i9ii,xci,  614  (Mammoth  Smeltery). 

Martin,  Mines  and  Minerals,  19 13,  xxxiii,  323. 

Koiman,  Min.  Ind.,  1908, xvii,  604;  1909,  xviii,  495;  i9io,xix,  458;  i9ii,xx,487;  1912, 

XXI. 

'  Hofman,  "Lead,"  p.  138. 

*Eng.  Min.  J.,  1895,  lx,  373. 

^  Fraser  and  Chalmers,  now  AUis-Chalmers,  Milwaukee,  Wis. 
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crosswise,  I-beams  9  ft.  apart  serving  as  supports  for  the  longitudinal  frames 
over  which  were  stretched  up  and  down  in  a  zig-zag  manner,  the  filtor-doth 
forming  gable-shaped  roofs  and  V-shaped  troughs.  The  dust-laden  gases 
arrived  in  the  lower  compartment  and  were  blown  upward  against  the  filtering 
surface.  The  dust  collecting  on  the  lower  sides  was  removed  at  intervals  by 
beaters  manipulated  from  the  outside,  while  the  cleaned  gas  passed  off  abo\'c 
the  filter  into  a  stack  at  the  end  of  the  building.  For  one  blast-furnace  a  filter- 
ing surface  of  16,000  sq.  ft.  and  about  7  h.p.  was  found  to  be  necessary.  Be- 
cause of  the  difficulty  in  keeping  the  cloth  clean  and  in  repair  the  system  was 
replaced  by  bags. 

Filter-bags. — ^The  first  persons  to  use  muslin  bags  for  dry  filtering  were 
R.  and  S.  T.  Jones^  in  1850;  their  arrangement  was  modified  by  S.  Wetherill 
who  in  1851  collected  in  bags  the  zinc  oxide  produced  in  his  process.  In  1876* 
or  1877,^  G.  T.  Lewis  and  E.  O.  Bartlett  applied  bag-filtration  to  the  recoveiy  of 
fumes  from  the  lead  ore^hearth  at  Joplin,  Mo.*  The  first  experiments  to  collect 
fume  from  a  silver-lead  blast-furnace  were  carried  on  about  1880*  inLeadvillc, 
Colo.,  at  the  Grant  smelting  works.  Later,  F.  L.  Bartlett  used  bags  for  the  pro- 
duction of  zinc-lead  pigment  from  mixed  zinc-lead  sulphides.*  These  are  the 
four  leading  classes  of  operations  in  which  filter-bags  are  employed  at  present  in 
smelting  works.  It  is  said  that  they  have  been  installed  in  some  antimony 
smelteries.    Their  use  in  fine  crushing  mills  is  noticed  below. 

The  usual  mode  of  operating  is:  (i)  to  draw  the  dust-  and  fume-laden 
gases  by  means  of  an  exhaust  fan  from  the  furnace  through  a  long  flue  that  the 
temperature  may  be  reduced  and  the  coarse  dust  settled;  (2)  to  f mother  cool 
them,  if  necessary,  by  diluting  with  air  admitted  through  branch-pipes,  and, 
(3)  to  force  the  cooled  gases  into  suspended  bags,  18  to  24  in.  in  diam.,  and  20 
to  42  ft.  long,  either  from  below  or  above,  when  the  solid  particles  remain  in  the 
bags  and  the  gases  pass  through  the  meshes  into  the  open.     Neutralization  of 
acid  in  gases  has  been  discussed  on  p.  849.     As  the  pores  of  a  bag  in  time  become 
clogged,  it  is  necessary  to  shake  or  beat  the  bags  to  detach  dust  and  fume  which 
fall  and  collect  on  the  bottom.     In  the  manufacture  of  zinc  oxide  or  zinc-lead 
pigment  the  gas  usually  enters  the  top  of  a  bag,  the  lower  end  of  which  is 
wound  up  into  a  coil  that  rests  on  the  floor  of  the  bag-house.     The  oxide  which 
requires  only  some  simple  mechanical  treatment  to  be  ready  for  the  market  is 
thus  easily  collected. 

In  lead  plants  the  gas  is  introduced  at  the  bottom  of  a  bag,  as  the  recovered 
dust  and  fume  is  an  intermediary  product,  which  is  conveniently  collected  on 
the  floor  to  be  burnt,  as  in  heap-roasting,  whereby  usually  enough  heat  is 

*  TnRalls,  Eng.  Min.  J.,  1905,  Lxxx,  55. 

2  Clcrc,  /•>/.(,'.  Min.  J.,  1885,  XL,  4. 

3  Ingalls,  W.  k.,  ''Lead  and  Zinc  in  the  United  States,"  Hill  Publ.  Co.,  1908,  p.  33. 

*  Hofman,  "Lead,"  p.  131. 

^  Kmmons,  S.  F.,  "(leology  and  Mining  Tndustr>^  of  Lcadville,"  Monograph  xn,  U.  S. 
Geol.  Survey,  Washington  I).  C,  1886,  pp.  673,  717. 

^  Iloke,  Kxpcrimcntal  Dust  Catching  Plant  of  Mapimi,  Durango,  Eng.  Min.  /.,  1910, 
Lxxxrx,  857. 
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generated  to  cause  the  powder  to  sinter  slightly  so  that  it  can  be  readily 
handled. 

The  ordmary  bag-house'  of  a  modem  large  lead  blast-furnace  plant  contains 
from  3,000  to  4,500  bags,  18  in.  in  dlam.  and  30  to  33  ft.  long,  It  is  divided  by  a 
horizontal  stee!  plate,  provided  with  nipples,  into  a  lower  and  an  upper  chamber. 
The  lower  or  dust  chamber  is  from  12  to  16  ft.  high,  the  upper  or  bag  chamber 
from  30  to  35  ft.  high.  The  house  is  divided  by  vertical  brick  walls  into  as  many 
compartments  as  there  are  flues  leading  into  it.  The  gas  main  is  usually  pro- 
vided Tvith  a  corresponding  number  of  branch-pipes.  By  this  arrangement  one 
compartment  can  be  cut  off  for  cleaning  or  repairing  without  interfering  with 
the  work  of  the  others.  It  has  been  found  that  the  life  of  a  bag  is  much  pro- 
longed, if  the  gas  is  drawn  away  as  soon  as  it  has  been  Cltered.  Hence,  in  a 
modern  bag-house,  each  compartment  has  its  own  sheet-iron  stack,  say  100  ft. 
high,  supported  by  a  steel  breeching  from  the  roof  trusses.  In  the  earlier  plants 
the  filtered  gases  were  allowed  to  pass  off  into  the  open  through  shutters  which 
close  the  window-openings  of  the  house.  This  second  method  remains  satis- 
factory with  gases  that  are  free  from  sulphurous  acid.  In  later  plants,  a  moni- 
tor flue,  ending  in  a  single  stack,  passed  over  the  tops  of  the  compartments. 
In  the  most  recent  plants,  as  stated,  each  compartment  has  its  own  chimney. 

There  is  as  yet  no  generally  accepted  standard  for  the  relation  between 
filtering  area  and  quantity  of  gas  produced,  or  quantity  of  ore  treated.  In 
the  manufacture  of  zinc  oxide,  formerly  200  to  300  sq.  ft.  of  bag  surface  per 
sq.  ft.  grate  area  was  the  common  figure;  this  was  reduced  (1905)  to  100  sq, 
ft.  At  Caiion  City,  Colo.,  in  the  production  of  zinc-lead  pigment  150  sq.  ft. 
bag  surface  per  sq.  ft.  grate  area  has  been  found  necessary.  In  the  Scotch 
ore-hearth  at  Joplin,  Mo.,  3,500  sq.  ft.  filter  surface  per  ton  of  ore  treated  was 
deemed  necessary;  this  figure'  has  been  reduced  to  900  to  1,000  sq.  ft.  At  the 
Globe  silver-lead  smelting  works  at  first  250  sq.  ft.  filler  area  were  used  i>er  ton 
of  ore  treated,  but  had  to  be  increased  to  750  sq,  ft.  At  Murray'  and  Bingham 
Junction,*  Utah,  silver-lead  smelteries,  300  to  500  sq.  ft,  are  considered  ample. 
At  the  Selby  lead  works^  there  are  provided  410  sq.  ft.  per  ton  charge  treated, 
or  3.413  sq.  ft.  per  cu,  ft,  gas,  while  1,14  sq.  ft.  is  believed  to  be  sufficient. 
Eilers*  states  that  at  the  Murray  plant  there  are  provided  3,45  sq.  ft.  filtering 
surface  per  cu,  ft,  of  gas  per  min.,  but  that  when  one  compartment  is  shut  for 
sintering,  there  remain  in  operation  2.59  sq.  ft.  Therefore  the  mininiiim  sur- 
face is  2.5  sq.  ft. 

Figs,  795  and  796  represent  in  elevation  and  plan  part  of  the  bag-house  of 

'Eilers,  Murray  plant,  Tr.  A.I.M.  E.,  1912,  xliv,7o8, 
'Joplin,  Eng.  Min.  J.,  1907,  Dootiv,  86j  (Briltain). 

Granby,   Eng.   .Vin.   J.,   igo7,  ijocxiv,  3S8    (Perkins);    ilin.    IVarld,    1908,  xjux,  917 
(BuiketO;  Galena,  Min.  Warld,   tQOg,  xxx,  loig  (Brinsmade), 
•  IngaUs,  Eng.  Min.  J.,  1907.  ixxxn,  5:7,  555. 

Ebaugh,  op.  cit.,  1909,  v. 

Rice,  Min.  Mclkods,  1909, 1 

Dennett,  Eng.  Min.  J.,  190: 

Tr.A.I.M.E..  T9i2,KLiv, 
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the  New  Jersey  Zinc  Co.,  Bethlehem,  Pa.'  The  gases  from  the  oxide  fumaccs 
having  been  cooled  and  freed  from  ore-  and  fuel-dust  in  dust  chambers,  enter  the 
6-ft.  gas  main  from  which  branch  off  3-ft.  horizontal  pipes  having  toi>-  and 
bottom-thimbles.  The  top-thimbles  are  covered  with  wire-gauze  which  soon 
becomes  coated  with  oxide  and  serve  as  emergency  outlets;  to  the  lower  thimbles 
are  tied  muslin  bags  40  to  50  ft.  long  and  3  ft.  in  diam.  The  lower  end  of  a  big 
is  twisted  to  a  coil  and  rests  on  the  floor.  Every  3  hr.  the  bags  are  shaken  aftir 
the  gas  has  been  turned  off.  If  shaken  at  longer  intervals,  they  are  quickly 
corrodedand  scorched.  In  dry  weatherthtj- 
become  so  charged  with  electricity  that  the 
men  who  do  the  shaking  have  to  wear 
rubber  gloves.  The  oxide  is  coliectei 
every  12  hi.    A  bag  lasts  three  months. 


Fig.  795- — Bag-filter,  New  Jersey 
Zinc  Co.,  South  Bethlehem,  i'a. 


Fic.  796. — Bag-filter,  New  Jersej'  Sdc 
Co.,  South  Bethlehem.  ?a. 


Fig.  797  shows  an  elevation  of  part  of  the  bag-house  of  the  Lone  Elm  works, 
Joplin,  Mo.'  in  which  the  lead  pigment  coming  from  the  slag-eye  furnaces 
is  collected  after  the  gases  have  been  cooled  and  freed  from  dust.  The  build- 
ing is  40  ft.  wide  by  90  ft.  long  by  45  ft.  high.  It  has  two  stories  with  wooden 
floors.  The  lower  story,  9  ft.  high,  has  three  rows  of  wooden,  iron-lined  hop- 
pers, nine  in  a  row,  which  are  suspended  by  iron  straps  from  i  1/2-in.  pipes. 
Beneath  the  hoppers  arc  wooden  bins  closed  with  canvas.  There  are  20  bags  to 
a  hopper,  each  having  a  surface  of  168  sq.  ft. 

The  brick  bag-house  in  which  are  filtered  the  fumes  from  the  ore-hearths 
after  they  ha\'e  been  drawn  through  a  dust  chamber  and  an  elevated  pipe  4fl- 
diam.  and  350  ft.  long,  is  similar  to  that  shown  in  Fig.  797,  It  is  95  ft.  long  by 
50  ft.  wide  by  45  ft.  high,  has  a  vertical  longitudinal  brick  wall  dividing  it  inio 
two  compartments,  and  a  horizontal  iron  platform  12  ft.  high  dividing  it  iino 
two  stories.  In  the  lower  story  are  4  rows  of  sheet  iron  hoppers  (truncated 
pyramids) ,  9  in  a  row,  closed  at  the  bases  by  sliding  dampers.     A  hopper  stands 

'  Taken  from  a  drawing  prepared  by  the  late  J.  P.  Wcthetill  for  the  Chicago  ExposiW" 
of  1893;  jiubiished  in  Khrenworth's  Report. 

'Dcn-cy.  Tr.  A.  I.  M.  E.,  iSSq-go.xvni,  701. 
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iHi  4  iron  pipes,  3  i/z  ft.  long,  encased  in  day  pipes;  its  face  is  dosed  by  a  sheet- 
iron  cover  5  1/16  in.  thick  which  has  16  holes  18  in.  in  dlam.,  from  which  thim- 
bles, 1 2  in.  high,  extend  into  the  upper  story.  A  bag,  made  of  unwashed  wool,  is 
19  in.  in  diam.  and  33  ft.  long.  Its  upper  end  is  tied  with  a  cord  and  suspended 
from  a  roof  truss;  the  lower  end  is  slipped  over  the  nipple  and  tied  fast.  The  bags 
are  shaken  once  in  6  hours,  when  the  filtered  fume  falls  into  the  hoppers  which  are 
discharged  every  second  day.  The  fume  {blue  powder)  contains  enough  PbS 
and  C  to  roast,  when  gathered  into  heaps  and  ignited  with  oil-waste,  and  to 
sinter  to  a  porous  mass  that  is  sufficiently 
strong  to  stand  handling  and  charging  into 
a  blast-furnace. 

In  making  sublimed  lead  paint  it  has 
been  found  that  if  the  suction  tan  was 
placed  in  the  brick  flue  near  the  dust 
chambers,  the  flue  between  fan  and  bag- 
house  was  quickly  corroded.  For  this 
reason  the  fan  is  placed  near  the  bag- 
house  in  such  plants. 

This  original  construction  of  bag-house 
for  ore  hearth-work  has  been  somewhat 
changed  to  suit  the  large  volume  of  gas 
that  has  to  be  filtered  in  a  modem  lead 
blast-furnace  plant.  The  bag-house  of 
the  Selby  Lead  Works,  near  San  Francisco, 
Cal,,'  the  latest  that  has  been  erected  (be- 
fore 1910)  may  serve  as  an  example,*  Plan, 
devation  and  sections  are  given  in  Figs.  798 
and  799.  The  bag-house,  125  ft.  S  in.  long 
by  89  ft.  8  in.  wide  by  67  ft.  6  in.  high,  is 
built  of  reinforced  concrete  to  be  safe  in 
case  of  an  earthquake;  the  intake  and  the  side  of  the  house  are  lined  with 
fire-brick  tiling  to  protect  the  concrete  from  acid  corrosion  and  the  floor  is 
paved  with  red  brick.  The  house  is  designed  to  take  care  of  the  gases  from  three 
blast-furnaces,  36  by  144  in.,  two  cupelling  furnaces,  two  60-ton  lead-bullion 
softening  and  two  60-ton  lead  refining  furnaces  which  furnish  a  total  volume  of 
67.851  cu.  ft.  of  gas  per  min.  at  45°  C.  The  gas  traveling  with  a  velocity  of 
9  ft.  per  sec.  is  strained  through  t.gao  bags,  iS  in.  in  diam.  by  28  ft.  8  in.  in 
effective  length,  representing  259,392  sq,  ft.  filtering  surface.  The  fan  drawing 
the  gases  from  the  furnaces  and  forcing  them  into  the  inlet-flue  is  a  so-called 
220-in.  machine,  11  ft.  in  diam.  by  5  ft.  6  in.  in  width;  it  is  rated  at  72,500  cu. 
ft.  of  air  at  17°  C.  and  requires  35  h.p.  at  130  r.p.m.,  furnishing  a  vacuum  of 
0.75  oz.  It  is  actually  driven  at  a  speed  of  116  r.p.m.,  displaces  76,000  cu,  ft. 
of  gas  of  low  temperature  per  min,  and  requires  24.75  ^^-P-     I^  order  to  increase 

'  Bennet,  Eng.  Min.  J.,  i»)o8,  uoptvi,  4S'' 

■  Eilers,  Drawings  of  Murray  Plant,  Tr.  A.  I.  M.  B.,  igii,  xuv,  708, 


Fic,  797. — Bag-filter,  Lone  Elm  Worka, 
Joplin,  Mo. 
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the  draft  of  the  steel  stack  (lo  ft.  diam.,  180  ft.  height)  attached  to  the  outlet- 
flue  (9  ft.  by  7  ft.  4  in.,  and  situated  above  the  inlet-flue,  8  ft.Xj  ft.  6  in,), but 
gases  from  reverberatory  and  retort  furnaces  are  introduced  at  the  bw, 
this  supplies  a  vacuum  of  0.43  oz.     The  building  has  seven  partition  walls  il 


Fics.  798  and  759. — Plan,  elevalii 


OrouDd  Floor  .ix^nid  «Ub  Bad  Brtck 
a  and  section  of  bug-house,  Selby  Lead  Worlu,  Su 


right  angles  to  the  inlet-flue  making  eight  compartments,  15  ft.  wide,  e 
which  can  be  cut  out  of  the  circuit.    At  14  ft.  10  in.  above  the  ground  fl 
sheet-iron  floor  covered  with  concrete  and  tiling  which  divides  the  chamber^ 
tile  bag-room  above  and  tke  d\ist  fiooi  below.    The  bag-room  floor  has  rings  of 


dflOB^H 

.mberBtt^^ 
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I  hard  day-tiling  serving  as  nipples  to  hold  the  lower  ends  of  the  bags.  These 
nipples  are  arranged  in  pairs  2  ft.  apart;  and  there  are  three  rows  of  these  pairs 
3  ft.  apart  in  each  chamber,  making  a  total  of  240  nipples.  The  suspension  of 
the  bags  is  that  of  H.  E.  Benedict.' 

Shafts  for  a  row  of  bags  run  across  the  bag-house  on  bearings  which  are  placed 
]  on  channel  iron  along  the  bottom  cords  of  the  roof  trusses.  From  a  shaft  are 
suspended  as  many  levers  as  there  are  bags  in  a  row;  the  end  of  a  lever  has  a 
loop  for  attaching  the  cord  of  a  bag.  Oscillation  of  a  shaft  causes  a  bag  to 
move  to  and  fro  giving  it  a  wave-like  motion  similar  to  that  of  a  rope  shaken 
at  one  end.  Several  shafts  are  joined  together  by  levers  and  links  so  that  oscil- 
lating one  shaft  causes  the  others  to  move;  one  of  the  shafts  extends  outside 
of  the  building  where  the  rocking  is  done.  This  shaking  device  is  more  efficient 
than  the  usual  one  in  which  the  single  bags  are  shaken  by  a  man  dressed  in  a 
rubber  suit  and  provided  with  a  heimet  holding  a  supply  of  compressed  air  for 
respiration;  it  is  also  cheaper  in  that  the  gas-current  need  not  be  shut  oS  as 
is  ordinarily  the  case.  The  bags  can  be  shaken  more  frequently  thus  keeping 
open  the  pores  of  the  cloth  and  increasing  the  filtering  capacity  of  a  given 
surface. 

The  dust  floor  of  each  compartment  has,  beside  the  inlet-flue,  an  outlet- 
flue  and  a  door.  The  outlet-flue  serves  to  carry  off  gases  when  the  collected 
fume  is  heap-roasted;  the  doors  allow  the  necessary  air  to  enter  and  serve 
their  usual  purpose  of  admittance.  The  building  has  two  galleries  and  the 
necessary  doors. 

Descriptions  of  the  bag-houses  of  the  Globe  Works,  Denver,*  of  the  U.  S. 
Smelting,  Refining  &  Mining  Co.'s  plant  at  Midvale,*  Utah,  and  of  the  Murray 
Smelter,  Salt  Lake  City,  Utah,*  have  been  published. 

The  shaking  of  bags  causes  them  to  wear  out  near  the  top  and  bottom. 
Shaking  has  been  entirely  done  away  with  by  the  plan  adopted  at  the  lead- 
piant,  Tooele,  Utah,  a  plan  discovered  accidentally  at  Midvale,  Utah.  Figs. 
800  and  801  give  a  partial  elevation  and  section  through  the  bag-house  at  Tooele. 
Along  the  left  side  of  the  building  is  the  main  flue,  A ,  carrj-ing  the  cooled  gases 
to  be  filtered;  3-ft.  gates,  B,  dosed  by  dampers,  admit  them  to  the  bags  in  the 
dust  floors,  C,  underneath  the  sheet-iron  division  which  separates  them  from  the 
bftg-rooms.  Above  each  3-ft.  gas-inlet  is  an  i8-in.  gas-outlet,  F,  closed  by  a 
damper,  which  leads  into  the  flue,  G,  connected  with  a  fan  discharging  into  the 
main  for  furnace-gases.  If  gas-inlet,  B,  is  closed  and  gas-outlet,  /■',  opened,  the 
pressure  is  taken  off  the  bags  of  a  bay,  and  the  bags  collapse  causing  the  dust 
to  become  loosened  and  drop.     By  repeating  the  closing  and  opening  of  B  and 

Eng.  Min.  J.,  itjcS,  lxxxvi,  iooq;  Jfin.  World,  igoS.xxiX.bjj.  Sec  also  EUcrs,  foe.  cil., 
Murray. 

logalls,  Eng.  Min.  J.,  igos,  LXXX,  55. 

Rke,  Min.  Melhads,  t^og,  i,  g. 

Ebftugh,  /.  Ind.  Eng,  Chen.,  igog,  t,  686;  Eng.  Min.  J.,  n 

Ingalls,  Eng.  Min.  J.,  1907.  ixotrv,  5*7,  575. 

Brintmlde,  Mines  and  MineraU,  1907,  xnni,  116. 

Sim,  Tt.  a.  I.  M.  £..  igij.  xLiv,  708. 
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F  about  three  times  all  the  dust  is  shaken  oS.     This  is  done  with  every  bag  at 
the  beginning  of  an  8-hr.  shift  and  thus  the  filtering  surface  kept  dear  and  opo. 


Figs.  800  and  801. — Part   elevation  and  section,  bag-house  of  lead  plant,  Tooele,  Uuh. 


Fig.  8o», — Halberge  filtering  plant. 

Another  interesting  development  in  bag- filtration  is  that  of  the  Halberge 
filtering  plant.     MiJllcr'  describes  the  working  of  the  experimental  filtering 
'  Slakl  u.  Eisen,  igii,xxxi,  asq',  a\wi  Gouvy,  Rct,  Un.   Min.,  191 1,  XL,  S4- 
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plant  for  30,000  cu.  ft.  gas  per  minute  at  the  iron  blast-furnace  works  of  Hal- 

berge,  near  Saarbriicken,  Germany,  the  self-deaning  device  of  which  has  much 

interest.     The  gas  enters  the  apparatus  with  a  temperature  ranging  from  80 

to  120°  C,  and  charged  with  6  g.  dust  per  cubic  meter,  it  leaves  it  at  60°  C. 

and  with  0,01-0.30  g.  per  cubic  meter.     The  apparatus  is  shown  in  Fig,  802, 

The  gas  arriving  through  A  enters  the  water-sealed  settler  in  which  it  is  cooled 

to  the  dewpoint  in  order  that  the  dust  particles  may  become  wetted.  Upon 
leaving,  it  enters  the  chamber  B,  warmed  by  waste  steam  or  waste  gas,  in  order 
to  have  its  temperature  raised  to  10  or  20°  C.  above  the  dewpoint  before  it 
passes  into  the  bag-room  C,  containing  from  8  to  1 2  bags,  10  ft.  long  and  8  in.  in 
di&m.  The  filtered  gas  passes  the  tum-stile  damper  G  into  pipe  D  and  through 
fan  E,  which  delivers  it  into  the  outlet  pipe  F.  After  traveling  in  this  direction 
for  about  4  min.,  the  damper  G  is  turned  mechanically  to  occupy  the  second  posi- 
tion, shown  by  the  dotted  line,  when  the  back  pressure  from  the  outlet  pipe  F 
forces  cleaned  gas  through  pipe  /  with  its  heated  chamber,  and  thence  through 
the  outer  surface  of  the  hags;  the  dust  gathered  on  the  inside  is  loosened,  the 
bags  are  shaken  by  the  mechanism  H,  and  the  dust  drops  into  the  hopper  K 
to  be  discharged  at  intervals.  This  cleaning  takes  from  15  to  20  sec.  By 
means  of  the  device  a  small  filtering  surface  can  handle  a 
large  volume  of  dust-laden  gas,  and  recover  the  dust 

Butomatically. 

A  filtering  apparatus  for  small  quantities  of  fume  is 

that  of  Nagle  and  Kaemp'  shown  in  Figs.  803  and  804. 

It  is  in  operation  at  the  silver-lead  works  of  Tarnowitz, 

SUesia,  to  collect  the  fumes  of  cupelling  furnaces.     In  a 

sheet-iron  cylinder,  8  ft.  10  1/2  in.  high  by  5  ft.  6  7/8  in. 

in  diam.,  are   suspended  a  number  of  filtering-frames  b 

covered  with  flannel;  fume-laden  gases  enter  at  c,  and 

the  filtered  gases  pass  off  through  slots  a  in  the  frames 

into  two  centrifugal  fans  d.    The  cloths  are  cleaned  by 

means  of  a  beater  /,  and  a  revolving  cylinder  e,  which  is 

connected  with  the  outside  air  and  is  provided  with  a 

sectoral  attachment.     When  the  sector  is  moved  over  the 

slot  a,  air  enters  the  frame  and  blows  off  the  dust  that  has 

accumulated  on  the  cloth;  the  dust  falls  to  the  bottom  and  is  transferred 

by  means  of  mechanical  rake  g  to  discharge-spout  k  through  valve  *. 

There  are  many  filtering  devices  for  removing  fine  dust  in  dry-crushing  mills 

which  are  mostly  borrowed  from  flour  mills,  as,  e.g.,  the  Vibracone,"  the 

Morse,*  the  Perfection,*  the  O'Brien,*  dust  collectors.    The  monographs  of 


Fics.  80J  and  804-— 
Nagler  and  Kaemp 
filter. 


'  Kohfahl,  Iron  Age,  1893,  lh,  468. 
Saeger,  Zi.  Berg.  HUtfen.  SaliHcn  W.  i.  f 

*  Iron  Age,  iqoS,  lxxxi,  844. 
'  Tron  Age,  igoS,  Lxxxn,  .■14. 

*  ZI.  Berg,  a  mien.  Salinen  W.  i.  P.,  190S,  i 

*  Min.  Ittd.,  1900,  Dt,  iSaj. 
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Gertner/  Baldus,*  Russwurm,*  and  Osborne*  deal  with  the  various  apparatus 
for  collecting  dust  formed  in  briquetting  plants. 

335.  Freezing  of  Moisture  in  Fume. — This  is  the  reversal  of  the  Gayley 
dry-blast  (§327).  It  has  been  suggested  by  Carpenter*  who  proposed  to 
cool  furnace-gas  to  100®  C.  by  finely-divided  water,  and  then  pass  it  through  a 
refrigerating  chamber  when  the  frost  formed  would  carry  with  it  not  only  all 
the  floating  dust  and  fume,  but  the  sulphurous  gas  as  well.  Thawing  the  frost 
would  furnish  concentrated  sulphurous  acid  and  a  mud  containing  the  valuable 
constituents.  According  to  Mathewson*  a  plant  of  this  character  for  the 
Anaconda  copper  smeltery  would  cost  $4,000,000  and  the  cost  of  operation 
would  amount  to  $10,800  per  day.  This  figure  would  be  greatly  reduced  by 
using  the  Bruce  modification  of  the  Gayley  plan. 

336.  Some  Constructive  Details.^ — In  all  smelting  works  there  is  produced 
more  or  less  smoke;  it  may  issue  from  furnaces  or  flues,  from  temporary  openings, 
and  from  molten  or  heated  materials.  The  lack  of  draft  causing  smoke  to  issue 
from  flues  may  be  due  to  an  insufficient  area,  to  a  temporary  obstruction,  to  a 
faulty  construction,  the  use  of  bends  of  insufficient  radii,  to  the  use  of  T  instead 
of  Y  connections,  etc.  In  carrying  gases  from  a  blast-furnace  by  means  of  a 
bent  iron  flue,  a  stronger  draft  will  be  required  if  the  bend  is  downward  than  if 
upward,  as  the  smoke  cools  steadily  from  the  moment  it  leaves  the  fumaa. 
In  the  first  case,  the  denser  gas  has  to  be  pushed  up  by  the  lighter;  in  the  second 
the  gas  ascends,  and  there  is  less  difficulty,  as  when  once  in  motion  it  will  reach 
the  top  readily.  In  handling  smoke  issuing  from  hot  material  that  has  been 
drawn  from  a  furnace,  it  is  essential  to  remove  it  before  it  becomes  diluted  with 
air;  hence  small  hoods  placed  over  the  openings  or  receptacles  will  be  most 
effective,  and  here  artificial  draft  is  more  effective  than  natural.'  • 

In  ventilating  a  smelter-building,  the  harmful  effect  of  horizontal  air-currents 
which  blow  smoke  out  of  its  normal  path  and  dilute  it,  is  counteracted  by  parti- 
tion walls.  The  usual  monitor-roof  is  always  successful  in  removing  gas,  if  it 
has  balanced  swing-doors  so  connected  that  when  one  side  is  open  the  other  will 
be  closed. 

337.  Electric  Condensation. — Electrostatic  discharges  have  been  frequently 
exi)erimented  with^  for  the  settling  of  fine  particles  suspended  in  air.    While 

*  Zt.  Berg.  IlUtten.  Salinen  W .  i.  P.,  1908,  LVi,  257. 
^Gliick  Atif,  1908,  XLrv',  1728,  1760. 

'  Braunkohle,  19 10,  rx,  65. 

*  Osborne  Engineering-Mfg.  Co.,  141,  Broadway,  New  York  City. 

*  Proc.  Colo.  Sc.  Soc,  1908,  ix,  65. 
^  Mifi.  I  fid.,  1908,  XVII,  323. 

'  Mcssitcr,  Min.  Sc.  Press,  1908,  xcvii,  26. 

®  Hennctt,  Apparatus  of  the  Sclby  Lead  Works,  Ettg.  Min.  J.,  1908,  Lxxxv'i,  604. 

'  Hutchings,  Kng.  Min.  J.,  1886,  XLi,  336;  Berg.  IlUUenm.  Z.    1885,  XLrv,  253. 

Rocsing,  op.  cil.,  1885,  xliv,  290. 

Bartlett,  Kng.  Min.  J.,  1886,  xu,  195. 

Editor,  op.  cit.,  1885,  xl,  39. 

lies,  Sch.  Mines  Quart.,  1894-95,  xvii,  109. 

Strong,  /.  Frankl.  Imi.,  \^\i,  evxi^i^' ,  n^^. 
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they  have  been  successful  with  air  in  repose,  they  have  been  a  failure  when  the 
air  was  in  motion  until  Cottrell^  devised  his  direct-current  electrostatic  process. 
This  is  now  in  operation  at  the  Selby  lead  works  near  San  Francisco,  at  the 
Garfield  Works  near  Salt  Lake  City,  and  has  been  tried  at  the  Balaklala  copper 
smeltery,  Coram,  Cal. 

Experiments  of  Lodge  and  Walker  have  shown  that  an  alternating  current 
will  cause  the  agglomeration  of  particles  suspended  in  a  fairly  quiescent  atmos- 
phere. In  a  moving  gas-current  the  agglomeration  and  settling  are  too  slow  to 
be  effective.  Cottrell,  therefore,  uses  a  high-potential  direct  current.  If  a 
needle  point  be  connected  with  one  pole  of  such  a  current  and  a  flat  plate  with 
the  other,  the  air  space  between  the  two  becomes  highly  charged  with  electricity 
of  the  same  sign  as  the  needle  point,  and  any  insulated  body  brought  into  this 
space  receives  a  similar  charge.  If  this  body  is  free  to  move,  as  is  the  case  with 
the  particles  of  suspended  flue  dust  and  vapor,  these  will  be  attracted  to  the 
plate  of  the  opposite  charge;  they  will  move,  therefore,  toward  the  plate  and 
do  this  at  a  speed  which  is  proportional  to  the  charges  and  to  the  potential 
gradient  between  the  point  and  the  plate.  Observation  has  shown  that  in  a 
perfectly  transparent  gas  there  is  a  strong  wind  from  point  to  plate. 

In  order  to  obtain  a  high-potential  direct  current,  an  alternating  current  from 
a  lighting  or  power  circuit  of  from 
30,ooo  to  30,000  volts  is  connected  by 
means  of  a  special   rotary  contact 
maker  driven  by  a  synchronous  motor. 

For  the  needle  point  of  the  labora- 
tory there  was  substituted  at  first  a 
cotton-covered  wire,  the  loose  fiber 
of  which  furnished  innumerable  fine, 
sharp  points  for  the  discharge  of  the 
high-potential  current,  since  it  was 
sufficiently  conductive  from  its  na- 
tural hygroscopic  water.  The  cot- 
ton, readily  attacked  by  hot  add 
gas,  was  replaced  by  asbestos  or 
mica,  the  fiber,  or  the  edges  of  the 
scales  furnishing  the  desired  discharge  Fio-  805.— Cottrell  electric  fume  con- 
PqJqj^S^  denser,   Selby   Smelting  &  Lead  Worka,  San 

At  the  Selby  works,  Fig.  805,  the    ^""'"'^'>'  '^^■ 
first  unit  was  introduced  in  a  gas-current  of  5,000  cu,  ft.  per  min.,  to  con- 
dense the  fumes  resulting  from  the  sulphuric -acid  partmg  plant.    In  a  lead 
flue,  4X4  ft.,  there  were  placed  rows  of  vertical  lead  plates  4  in.  apart, 

'  Editor,  Eng.  Min.  J.,  190S,  ucoivi,  375;  Havard,  If  in.  I«d.,  1908,  xvir,  334;  Braden, 
Min.  Se. Press,  1909, xcix,  igi;  Kdilor,  0^.  ciJ.,  1910,  ci,  696,859;  KdiLoi,Miit.Sc.,  1911,  Lxm, 
338;  Cottrell,  /.  Ind.  Eng.  Ckem.,  1911,  ni,  541;  Eng.  Kcu-s,  1911,  lwi,  495;  Min.  Sc.  Press, 
igii.cin,  Jss,  3&6;  Miti.  Sc,  1911,  i.xiii,  337;  Ang.  Min.  J.,  i9ii,xcti,  763;  Tr.  A.  I.  II.  E., 
1913,  XUU,  511;  Met.  Chem.  Eng.,  1912,  x,  6f(6. 
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alternating  with  suspended  lead-covered  iron  rods  canying  mica.  A  cunent 
of  460  volts  and  60  cycles  was  transformed  up  to  17,000  volts,  and  then  passed 
through  a  rectifier  to  the  electrodes.  The  power  consimiption  was  found  to  be 
only  2  kw. ;  the  result  attained  was  an  elimination  and  collection  of  the  sulphuric 
acid  in  the  gas  as  a  liquor  of  40^  B6.  The  plant  has  been  in  operation  for  four 
years;  the  monthly  outlay  is  $20;  the  acid  recovered  in  three  years  has  paid 
more  than  five  times  the  cost  of  the  installation. 

The  second  unit  was  intended  to  handle  50,000  cu.  ft.  of  gas  per  min.  from 
the  roasting  and  blast-furnace  departments.  It  was  thought  at  first  that  the 
suspended  material  would  be  precipitated  in  a  reasonably  dry  form,  whidi 
would  permit  brick  and  iron  construction.  Experience  showed  that  this  was 
not  the  case,  and  that  lead  was  necessary  as  building  material.  A  flue  6X6  ft 
and  32  ft.  long,  containing  38  rows  of  16  lead  plates,  each  6  ft.  long  and  4  in. 
wide,  alternating  with  discharge  electrodes,  was  sufficient  to  collect  the  sulphuric 
acid,  arsenic,  antimony,  lead,  etc.,  in  the  gases,  provided  these  had  been  cooled 
to  below  1 50°  C.  The  collected  material  is  a  grayish  mud,  easily  washed  off 
the  plates  and  run  into  settlers.  For  this  purpose,  every  four  to  six  hours  the 
gases  were  turned  into  a  bypass.  For  continuous  work  two  or  three  units 
would  have  to  be  erected  so  that  one  could  be  cleaned  at  stated  intervals.  The 
power  consumption  was  from  10  to  15  kw.  A  permanent  installation  has  not 
yet  been  made. 

At  the  Garfield  works  the  gases  from  a  basic  matte  converter  which  carrj' 
lead  fumes  are  drawn  through  an  electric  condenser.  In  this  case  the  vertical 
anodes,  iron  forked  rods  holding  the  rhica,  are  suspended  in  grounded  iron 
tubes;  the  converter  gases  heavily  laden  with  lead  fumes  enter  the  bottom  of 
the  condenser  and  leave  it  completely  clarified,  the  lead  ha\'ing  been  deposited 
on  the  cathode  tubes. 

At  the  Balaklala  smeltery  the  combined  gases  from  the  blast-furaaces, 
MacDougall  kilns,  oil-fired  reverberatory  smelting  furnaces  and  converters 
were  subjected  to  electric  condensation  to  collect  the  dust  and  fume.  The 
average  condensation  was  75  per  cent.;  when  the  apparatus  was  under  control 
over  90  per  cent,  of  all  the  solids  and  vapors  were  collected.  The  works  were 
closed  before  the  electric  condensation  had  been  fully  perfected. 

338.  Wet  Methods  of  Condensation  in  General.' — An  efficient  condensation 
of  smelter  smoke  in  this  way  must  do  three  things:  (i)  reduce  the  temperature 
of  the  gas-current  to  the  point  at  which  dissolved  moisture  forms  a  mist  or  fog; 
(2)  saturate  the  floating  particles  with  moisture,  and  (3)  separate  the  saturated 
particles.  It  is  convenient  to  make  a  distinction  between  the  apparatus  that 
has  been  employed  in  non-ferrous  plants  and  the  modem  gas-washing  appara- 
tus of  iron  blast-furnaces  which  have  come  into  use  since  1894.* 

*  Osann,  Stahl  u.  Eiserty  1902,  xxii,  153. 
Defays-Lanser,  Rev.  Mel.,  1908,  v,  121. 

*  H.  B.  Thwaite's  application  of  patent  for  purifying  iron  blast-furnace  gas  for  use  in  gas- 
engines  was  granted  May,  1905;  the  first  gas-engine  was  set  to  work  in  1895  by  James  Riley 
in  U'ishaw,  Scotland. 
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339.  Non-FeiTOUS  Plants.^ — Wet  condensation  in  a  non-ferrous  plant 
usually  has  to  meet  the  harmful  efiFect  of  the  sulphur  content  of  the  gases,  the 
dissolved  sulphurous  and  sulphuric  acids  readily  attacking  iron,  brick  and 
mortar.  Wet  methods  are  therefore  applied  only  in  places  where  it  is 
necessary  to  render  these  gases  harmless.  With  the  method  arises  the  require- 
ment of  settling  the  suspended  mud  and  neutralizing  or  perhaps  utilizing 
the  acid  water.  At  first  gases  were  drawn  or  forced  through  water  by  means 
of  a  pump  or  an  Archimedean  screw.*  In  order  to  overcome  the  difficulty  of 
thoroughly  wetting  the  fumes,  screens  of  copper  wire  placed  one  above  the  other 
were  immersed  in  the  water  and  thus  the  gas-bubbles  broken  up,  but  the  state 
of  division  was  not  sufficiently  fine  and  the  consumption  of  power  too  great. 
The  next  improvement  was  to  pass  the  gases  through  filters  of  faggots,  brush- 
wood,  coke,  etc.*  If  the  filter  is  coarse  enough  to  allow  the  gas  to  pass  freely, 
the  gas  is  not  sufficiently  wetted;  if  fine  enough  to  accomplish  this,  the  openings 
^ery  soon  become  clogged. 

Another  method  which  is  also  effective  is  to  conduct  the  gas-current  through 
towers  having  staggered  shelves  or  provided  with  acid-proof  clay  or  porcelain 
rings  or  pipes*  as  is  customary  in  the  Glover  towers  of  sulphuric-acid  plants.* 
[las,*  using  staggered  shelves,  succeeded  in  recovering  95  per  cent,  of  the  solid 
matter  contained  in  the  gases  coming  from  roasting  furnaces  treating  lead  ores. 
The  Richter  condensation  tower^  is  in  operation  at  Freiberg,  Saxony,  and 
Farno^itz,  Silesia,  and  did  satisfactory  work  at  Leadville,  Colo.,  in  a  pyrite- 
smelting  plant  in  collecting  small  amounts  of  lead  and  silver-bearing  fume. 
The  tower  of  Tarnowitz,^  which  differs  little  from  the  original  construction 
It  Freiberg,  is  shown  in  Figs.  806  to  809.  The  tower  of  sheet  lead, 
tnoimted  in  a  wooden  framework  similar  to  that  of  a  sulphuric  acid  chamber, 
is  6  1/2  by  10  ft.  and  23  ft.  high;  it  contains  90  gable-shaped  roofs  of  sheet  lead, 
10  ft.  long  and  7  7/8  in.  high,  supported  by  lead-covered  iron  bars;  the  slope 
of  the  roofs  is  greater  than  the  angle  of  repose  of  the  mud.  The  lower  borders  of 
the  roofs  have  incisions  about  i  1/8  in.  deep  in  order  that  the  condensing  water 
may  run  off  freely  and  leave  open  the  interstices  necessary  for  the  ascending 

*  French,  Eng,  Min.  /.,  1880,  xxix,  49,  84. 
lies,  Sch,  Min.  Quart. ^  1895-96,  xvii,  103. 

'  Eilers,  Tr.  A.  I.  M.  £.,  1874-75,  in,  310. 

*  Fallize,  Rev.  Univ.,  1862,  xi,  367. 
Percy,  "Lead,"  p.  441. 

*  Op.  cit.f  p.  105,  example  of  the  Saint  Louis  S.  &  R.  Co. 
Hofman,  "Lead,"  1899,  p.  381. 

*  Lunge,  G.,  "Sulphuric  Acid  and  Alkali,"  1913,  i. 

*  lies,  op.  cit.y  p.  168. 

"^  Freiberg.Jahrb.f  1889,  p.  57;  Berg.  UiiUenm.  Z.,  1890,  xlix,  129;  Eng.  Min.  /.,  1890,  XLix, 
196. 

Doolittlc-Jarvis,  Tr.  A.  I.  M.  E.,  1910,  xli,  709. 

The  De-Arsenizing  Tower"  (Brauning,  Zi.  Berg.  Ilullen.  Sal.  W.  1.  P.,  1877,  xxv, 
133)  for  freeing  sulphuric  acid  from  dissolved  AsjO*  by  means  of  H^S,  works  on  the  same  prin- 
ciple as  the  tower  of  Richter. 

■  Babu, .Metallurgie  G6n6rale,  vol.  11,  p.  672. 


S62  GENERAL  METALLURGY 

gases.  The  roofs  are  so  placed  that  the  discharge  of  one  set  strikes  the  ri(lg^ 
poles  of  those  next  below.  The  condensing  water  is  fed  through  nine  pipes,  I, 
on  to  tilting  distributors  and  thus  spread  evenly  over  the  perforated  boi  k. 


Fig.  80610809. — Richter  condensation- 


At  Freiberg  the  temperature  of  the  entering  gases  of  100  to  115°  C.  is  reduced  to 
40-50°.  The  water  trickling  down  the  roofs  carries  with  it  the  condensed 
fumes  and  flows  from  the  bottom  of  the  tower  into  settling  tanks. 


— Lundin  pas  WT-her 


Kocrting  &  Schuttc  wet  condenser. 


Introductiim  of  a.  spr  i\  of  water  under  pressure  into  the  gas-current  givw 
sail  fictorj    ri  ults     "Iht  g is  washer  of  Lundin,'  originally  constructed  for 
washing  tunnel-liead  gas  from  the  iron  blast-furnace,   may  serve  for  treating 
'  Vjcaire,  Butt.  See.  Ind.  Min.,  i&<it68,xiu,64i-,  Berg,  llullmm.  Z.,  1867,  xxvi,  3:7. 
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gases  from  non-ferrous  furnaces  if  made  add-proof.  In  Fig.  810  fume-laden 
gas  arrives  in  pipe  a,  meets  in  tank  A ,  fine  sprays  of  water  projected  from  nozzle 
d,  enters  tower  k,  filled  with  bars  laid  cross-wise  and  sprayed  from  the  distrib- 
uting-pipe b,  and  leaves  through  pipe  t;  f  represents  man-holes. 

A  more  recent  form  of  spraying  device  is  that  of  Koerting  and  Schutte,* 
Philadelphia,  shown  in  Fig.  811.  Dust-  and  fume-laden  gas  is  delivered  by 
fan  A,  to  settler  B,  where  coarse  dust  is  separated  from  fine  dust  and  fume. 
It  now  enters  the  spray-condenser  at  E,  travels  in  the  direction  of  the  arrows 
and  leaves  the  apparatus  through  pipe  x,  provided  in  the  spiral  5,  to  insure 
final  intimate  contact  of  water  and  gas.* 

The  primary  gas-washers  which  have  come  into  use  in  iron  blast-fumacc 
pbmts  represent  the  more  recent  types  of  apparatus  for  wet  condensation.  They 
are  applicable  to  non-ferrous  plants  provided  the  material  of  construction  is 
adapted  to  come  in  contact  with  sulphurous  gases.     The  wet  condensation 


Flos.  8ii  toS[4. — Wetcondensationplant,  Lead  Works,  Neudurf.IIarzMts.,  Germany. 


plant  of  Neudorf,  Harz  Mts.,'  Figs.  812  to  814,  may  serve  as  an  example.  At 
the  entrance  of  the  pipe,  conducting  hot  gases  from  the  furnace,  into  the  branch- 
flue  is  placed  a  small  spraying  nozzle  which  delivers  just  the  amount  of  water 
that  the  heat  of  the  gases  can  vaporize.  The  mixture  of  gas  and  steam  travels 
about  75  ft.,  and  reaches  the  main  Sue  in  which  is  installed  a  larger  spraying 
nozzle  to  cool  the  gas  steam  current  to  70  to  90°  C,  the  water  vapor  condensed 
to  mist,  forming  small  drops,  thoroughly  wets  the  fume  and  dust.  About  1 50  ft. 
back  of  the  large  sprayer  is  installed  the  collector  shown  in  Figs.  812  and  813. 
Fan  B  draws  the  moistened  gas  and  fume  into  the  box  A,  3  ft.  3  3/8  in.  square, 
which  is  inclined  toward  the  fan.  In  it  revolves  shaft  S,  carrying  six  propeller 
shaped  fans  7/64  in.  thick,  which  are  wetted  by  i  1/2-in  pipes  delivering  spray 
water  from  the  launder  C.  The  water  is  thrown  out  radially  by  the  fans  and 
forms  curtains  through  which  the  gases  are  forced  to  travel.    This  collects  the 

'  Eh£.  Min.  J.,  igo<),  Lxxxvii,  863. 

'  Another  form,  IroK  Age,  1910,  lxxxv,  865. 

'  Wynne,  Enf.  Min.  J.,  1909,  uoocvni,  602. 
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small  drops  in  the  gas  which  cany  the  particles  of  dust  and  fume,  runs  down 
box  A,  and  passes  through  channel  J9,  into  settling  tank  E  and  overflow-com- 
partment F,  from  which  the  clarified  water  is  drawn  ofiF  by  a  centrifugal  pump 
to  a  cooling  tower,  whence  it  returns  to  launder  C.  A  plunger  pump  draws 
the  settled  mud  from  E  into  a  filter-press,  from  which  the  clear  water  runs 
back  into  F.  A  small  amount  of  fresh  water  is  added  at  intervals  to  laimder 
C,  to  make  up  for  loss  by  leakage  and  evaporation.  In  order  to  neutralize  the 
acidity  of  the  water  daily,  from  two  to  three  bucketfuls  of  a  creamy  emulsion 
of  lime  in  water  is  added  to  tank  E\  the  lime  in  addition  acts  as  a  bind^  for  the 
mud  collected  in  the  filter-press.  The  plant  treats  10,590  cu.  ft.  gas  per  min. 
and  requires  17  h.p.;  80  per  cent,  of  the  solid  matter  is  recovered. 

The  flue  between  the  larger  spray-nozzle  and  the  collector  is  8  ft.  2  1/2  in. 
wide  by  7  ft.  2  5/8  in.  high  to  spring  of  arch;  the  walls,  4  1/2  in.  thick,  are  of  red 
brick,  laid  in  a  mortar  consisting  of  clean  dry  quartz,  sand  and  water-free  tar;  they 
are  strengthened  every  8  ft.  2  1/2  in.  by  buttress-walls  of  the  same  thickness; 
the  thrust  of  the  arched  roof  is  taken  up  by  channel  irons  4  3/4  in.  high,  tied  at 
intervals  of  4  ft.  i  1/4  in.  by  7/8-in.  iron  rods  covered  by  i-in.  lead  pipe. 

340.  Ferrous  Plants.' — The  tunnel-head  gases  of  an  iron  blast-furnace  have 
a  temperature  ranging  from  1 20  to  200°  C.  and  carry*  under  normal  conditions 
perhaps  1.3  to  5.3  grains  coarse  and  fine  dust,  and  150  to  160  grains  water  per 
cu.  ft.  After  having  passed  through  one  or  more  dust  catchers  (dry  cleaners) 
this  amount  is  reduced  to  from  0.66  to  2.64  grains,  and  the  temperature  to  about 
80°  C.  These  data  vary  greatly;  thus  Grimm'  gives  1.5  to  6.1  grains,  Liirmann* 
2.2  to  8.7,  Thwaite^  4,  Griiber^  5.2  to  19.6,  Myjes^  3.5  to 6.5 grains.  From thedust 
catcher  the  gases  pass  to  the  washer,  which  has  to  fulfil  three  functions:  (i)  to 
reduce  the  temperature  from  80  to  20°  C;  (2)  to  diminish  the  dust  from  0.66- 
2.64  to  0.130  grains  if  the  gas  is  to  be  burned  in  stoves  or  boUers,  and  to  below 
0.044  grains  if  it  is  to  be  used  in  gas-engines,  and  (3)  to  remove  the  condensed 
water  and  thus  dry  the  gas.  The  washing  is  usually  divided  into  two  steps, 
primary  and  secondary;  primary  washing  purifies  the  gas  suflSciently  for  stoves 
and  boilers,  secondary  makes  it  suited  for  gas-engines. 


^  Lurmann,  Staid  u.  Eisen^  1884,  rv,  35;  1898,  xviii,  247;  1901,  xxi,  434. 

Osann,  op.  cit.j  1902,  xxii,  153. 

De  Mocomble,  Rev.  Mit.j  1905, 11,  190. 

Reinhardt,  Tr,  A.  I.  M.  £.,  1906,  xxxvii,  669. 

Jungc,  Iron  Age,  1906,  Lxxviii,  542,  602. 

Review,  Stahl  u.  Eisen,  1909,  xxix,  1791,  1833. 

Dusscldorff  Exposition,  op,  ciL,  1910,  xxx,  1397,  1437;  Afet.  Chem.  Eng.,  1910,  viii,  475. 

Frcyn  (South  Chicago),  Iron  Trade  Rev.,  1910,  XLVi,  1189,  1220,  1273;  XLVii,  29,  28, 12% 
180,  224,  635,  673,  743;  Iron  Age,  1910,  Lxxxv,  1518;  Stahl  u.  Eisen,  1910,  xxx,  1609. 
2  Sahlin,  Cass.  Mag.,  1905,  xxviii,  437. 
'  /.  /.  and  St.  /.,  1901, 1,  59. 

*  Stahl  u.  Eisen,  1901,  xxi,  439. 

*  J .  I.  and  St.  I.,  1903,  I,  246. 

*  Stahl  u.  Eisen,  1904,  xxrv,  9. 
^  Op.  cit.,  1906,  XXVI,  27. 
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Gas-washers  are  conveniently  classed  as  stationary  washers,  slow-re 
fresh-contact  washers,  and  rapid-revolving  atomizing  washers. 

Before  the  introduction  of  special  washing-apparatus  the  settling  of  dust 
was  assisted  in  many  instances  by  forcing  the  gas  to  impinge  upon  water  and 
then  travel  over  it,  A  flue  serving  this  purpose,  called  5-  or 
Lotbaringian  gas-washer,  is  shown  in  cross-section  in  Fig.  815. 
This  shows  a  cylindrical  gas-main  a  open  at  b  and  closed  at  the 
bottom  by  a  pan,  c,  and  a  water-seal;  the  gas  enters  at  /  and 
leaves  at  the  opposite  end;  d  and  e  are  manholes  and  safety- 
valves  spaced  7  ft.  apart;  accumulating  dust'  is  raked  out 
periodically.  The  washer  at  Tamowitz,  Silesia,  is  5  ft.  in 
diam.  and  26  ft.  long. 

A.  Stationary  washers  were  the  first  to  be  used.  Some 
of  the  older  forms  are  discussed  by  LUrmann.*  Later,  towers' 
filled  with  coke  or  loose  material  to  act  as  a  filter  found  favor  for  some  time; 
the  open  spaces,  however,  soon  became  clogged  and  necessitated  a  considerable 
increase  in  the  number  of  scrubbers  to  allow  for  periodic  cleaning.  The  ex- 
pense of  this  was  the  cause  of  their  being  replaced  by  self-cleaning  washers. 


Fig.  816. — Brier  Hill  gas-washer  showing  connection  to  furnace. 

The  Brier  Hill  Gas-washer,*  which  is  in  operation  at  Youngstown,  O.,  is 
intended  to  remove  the  large  amount  of  fine  dust  from  Messabi  ore  carried  off  liy 
the  gases.     It  is  shown  in  Fig.  816;  it  acts  upon  the  principle  of  the  ordinary 

>  Steuer,  Removal  of  Mud,  Slahl  u.  Eisen,  tgii,  xxxi,  1759. 

•  SlaU  u.  Eisen,  18S4,  iv,  35. 

•  Thwaite  plant,  Iran  Age,  Dec.-j,  11)03.  P-  »4' 

•  Iron  Trade  Rev.,  Jan.  ai,  1903,  p.  5s. 
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wash-bottle.  The  gas  is  forced  to  impinge  upon  the  surface  of  the  vaterm 
every  downward  passage,  when  the  heavier  particles  of  dust  are  wetted  andsii^ 
to  the  bottom  of  the  tank.  The  Meehan',  Nisbet*  Steinhart*  and  Fcld*  gis- 
washers  work  on  a  similar  principle. 

The  Bachman  Centrifugal  Gas-washer,"  in  operation  at  Port  Henry,  N,  ¥., 
and  shown  in  Fig.  817,  has  the  usual  form  of  a  dust-catcher,  water  is  made  to 
flow  down  the  interior  suriace,  and  the  gas,  admitted  through  a  tangential  inict, 
takes  a  helical  path  in  its  passage  through  the  apparatus.     The  solid  particles 


(77. — Bachman 


fugal  gas- washer. 


arc  thrown  against  and  into  the  descending  sheet  of  water,  wetted  and  carriwi 
down,  A  washer  18  ft.  in  diam.  will  clean  the  gas  from  an  iron  blast-furnace  tail- 
ing 50,000  cu.  ft.  air  per  min.  An  average  of  three  tests  gave  gas-temperature 
at  entering  240°  C,  at  leaving  200°  C,  increase  in  moisture  4.4  grains  per  cu. 
ft.,  (lust  entering  14.1  grains  per  cu.  ft.  and  leaving  0.03. 

The  Lamond  gas-washer*  aims  to  combine  gas-washing  and  gas-rchealins  ii)' 
utilising  the  heat  from  the  unwashed  gas  for  heating  the  washed  gas  before  it 
enters  the  stoves  and  boilers. 

'  Iron  Trade  Rrv.,  July  i6,  igo6,  p.  15. 

'  Iron  Age,  igo8.  LXXXT,  I36. 

•  Iron  Trade  Rev.,  igii,  XLvni,  647, 

*  Mel.  Cbem.  Eng.,  igiJ,  x,  436. 

'  Iron  Trade  Rev.,  1907,  xl,  593;  Iron  Age,  1907,  lxxk,  1 114. 
>/ron  Age,  igoy.xix,  iqS, 
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The  Mullen  Gas-washer>  is  represented  in  Figs.  S18  to  821  as  used  at  the 
works  of  the  Cherry  Valley  Iron  Co.,  Leetonia,  0.  Figs.  818  and  819  are  the 
elevation  and  plan  of  a  dust  catcher  connected  with  the  dust-washer.  The 
gases  from  the  blast-furnace  enter  the  catcher  tangentially  through  down-comer 
Y,  drop  the  coarse  dust,  leave  the  apparatus  near  the  top,  pass  through  an  in- 
verted U-pipe  and  enter  the  washer,  Figs.  820  and  821,  at  the  top  through  pipe 
A.  The  washer  consists  of  an  outer  sheet-iron  cylinder  K,  with  conical  top  and 
bottom,  to  which  is  attached  inner  shell  D;  the  latter  has  an  angle  at  the  bottom 


•CCTION*).  ElEVATIOH  A 

Mullen  gas- washer. 


for  the  support  of  the  rim  of  tube-plate  M;  pipe-hangers  L  give  the  plate  addi- 
tional support  and  furnbh  the  wash-water.  The  plate  has  235  openings  to 
receive  tubes  C,  6  in.  in  inside  diam.,  each  of  which  is  cast  with  a  small  collar  to 
hold  it  in  place  when  it  has  been  slipped  into  its  hole  in  the  plate.  The  ends  of 
the  tubes  are  4  in.  above  the  level  of  the  water  in  the  conical  water-seal  basin; 
this  is  provided  with  bell-valve  G  for  the  discharge  of  mud  into  hopper  B,  and 
valve  G  with  a  lower  valve  /  and  water-overflow  /.  The  water  is  admitted 
through  pipes  L  and  overflows  at  F.  Whenever  bcU-valve  G  is  opened,  the 
'  Op.  cil.,  1905,  LXXV,  ^8;  Iron  Trade  Ra.,  July  16,  1905,  p.  61, 
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vaLer-TtvPi  n  -ixe  jiopper  -inks  far  '■nnngh  for  the  pressure  of  the  jets  to  bbw 

J  '3£.  -ide  Tne  -vast  "iiat  has  occumiiiated  on  the  surface,  and  drive  it  thiou^ 

Decinss  oL  "iie  jurer  iheil  f  into  tiie  overflow-tiou^  F  whcnoe  the  iraste 

varer    arrrry  li  xway.     Thus  the  surface  of  the  water  is  readily  bqyt  dean. 

Tzs  zai&  rTTTPrTTTg  jx  .1.  passcs  downward  throu^  the  235  p^KS.     The  sub- 

Jndeii  -^JLieiLL    triniiLttf^  opon  the  water,  rises  in  the  ^>ace  between  the  pipes, 

ynif^T  ::2ki  j^  irossaecnonai  area  2a  per  cent.  larger  than  that  of  the  pipes,  (b- 

rorsus  J.  -"mii:ir  ipace  K  xad  leaves  throo^  outlet-pipe  O,  Figs.  818  and  S19. 

Vc    JjT^.  Icu..    this  ^vasher  has  heen  modified.    The  c>'linder  filled  with 

:ui}«&   :a:£   :t:t^ii  Tpiaccd  by  jn  inverted  funnd  with  a  deeply  fluted  surface 

which  subdivides  the  gas-current.  There  are 
three  washers  for  two  furnaces,  one  washer 
being  held  in  reserve  for  cleaning  purposes. 
The  Zschocke  gas-washer'  works  on  a 
principle  different  from  that  of  the  preceding 
apparatus.  It  has  found  much  favor  in  the 
condensation  of  ammonia  in  by-product  coke- 
oven  i^ants,  and  is  now  making  headway  as 
a  primary  gas-washer.  A  vertical  section  of 
the  tower  and  a  perspective  view  of  the  wash- 
ing boards  are  given  in  Figs.  822  and  823. 
The  piate-iron  tower  is  carried  by  supports 
placed  in  a  pan  filled  with  water  to  form  a 
5eaL  It  has  a  water-spray  at  the  top  and  is 
nlled  with  grids  of  beveled  washing  boards 
placed  horizontally  and  crosswise  one  above 
the  other.  The  boards  in  a  grid,  sei>arated 
by  washers,  are  held  together  by  bolts;  the 
openings  in  the  grids  placed  near  the  entrance 
of  the  gas  at  the  top  are  larger  than  those 
near  the  outlet  at  the  bottom.  The  gas 
coming  from  a  dust-catcher  with  a  tempera- 
ture of  80°  C,  with  2.6  to  3.0  grains  of  dust 
and  30  to  35  grains  steam  per  cu.  ft.  leaves 
ihc  w.i^Pcr  ai  .\.^  :/  .  n''  C  rvtJLining  0.6  to  0.9  grains  dust  and  9  grains  steam 
jM  V  u  !i.  I  "!c  p:v\ii^i:ji:c\i  dust  is  washed  away  by  the  water  as  a  mud,  and 
sx^lU\l>i  iii  I  ho  TV.:*. 

\i  vi.il  V.  liivi  .  cii:h:  Z>chvvke  washers  (14  ft.  in  diam.  and  50  ft.  high)  treat 
\\\  jK'i  cent.  K>i  the  ga<  of  a  blast-furnace  (88  ft.  high,  21  ft.  6  in.  bosh,  15  ft 

*  /».'w    l^v,  iy»vV.  i\\\in.  i;  Ircn  Trade  Rev.,  1909,  XLiv,  83. 

*  i  ihiiH,  t\>*i:nj  /.,  iCHjo.  xxiii,  096. 
N.u'.tl.  /».'«    I<t.  July  14,  1000,  p.  16. 

).i..4 ,  //    \  ittiu  JiutMk.  /w|:..  1904, XLViii*,  913. 

h.4itiii.  (•/^(i  ^     iuf,   1004,  XL,  457. 

lit    MimuuliU-,  AVr.  .!/«'/.,  1905,  11,  247. 
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rucible),  receiving  it  from  a  modified  Mullen  washer,  and  deliver  ittoeight 

ITheisen  washers  (see  below);  of  the  remaining  37  per  cent.,  30  go  direct  to  the 

jstoves  and  seven  to  the  boilers.     Only  the  upper  part  of  the  Zschocke  washer  is   | 

Pfilled  with  grids,  the  lower  part  contains  umbrella-shaped  baffle-plates;  the  gas  j 

\  enters  from  below. 

Other  forms  are  that  of  Sepulchre,'  several  described  by  Myjers,'  and 
I   that  of  Kubierschky." 

B.  Slow-moving  Fresh-contact  Washers.  Of  these  the  Bian*  Washer  is 
I  the  leading  type.  It  cleans  blast-furnace-gas  sufficiently  for  use  in  stoves  and 
F  boilers,  but  not  in  gas-engines.  An  elevation  and  cross-section  of  the  washer 
are  shown  in  Figs-  824  and  825,  and  a  longitudinal  section  of  a  plant  in  Fig,  826. 


The  washer  consists  of  a  horizontal  stationary  cylindrical  steel  chamber  B, 
126  in.  in  diam.  and  118  to  aooin.  long,  with  closed  ends  and  open  bottom.  The 
lower  half  of  the  vessel  is  immersed  in  a  trough  filled  with  water.  The  trough 
has  division- walls  to  regulate  the  flow  of  water  admitted  near  the  gas-outlet  at 
the  right,  and  hoppers  to  collect  the  mud  which  is  removed  periodically  through 
a  gate-valve  into  trough  F.  Shaft  D  carries  spiders  covered  with  a  wire  screen 
having  3/8-in.  holes.  When  it  is  rotated  at  the  rate  of  10  to  12  r.p.m.  by 
means  of  a  motor  or  transmitter,  E,  Fig.  824,  the  screens  rise  out  of  the  water 

'fi».  Uit.,  ti)o8,  V,  135. 

'  StaU  u.  Eisen,  iqoCi,  xxvi.  18, 

'Op.cU,,  1910, XXX,  1476, 

*  Bian,  Iron  Agt,  1905,  lxxvi.  66g 
Krull,  Oat.  Zl.  Berg.  Hmenv..  1905,  uii,  533;  Ctiick  Auf.,  1905,  xu,  135 
Junge,  Iron  Age,  1906,  uocvin,  603,  605. 
SimnieTsbadi,  Slahl  u.  Eisen,  iQot),  xxvi  465. 

*  BisD,  J.  I.  and  Si.  I.,  1907,  in,  no. 


870  GENERAL  METALLURGY 

and  carry  in  the  meshes  a  certain  amount  of  water.  The  gas  entering  the 
washer  through  pipe  A  at  say  185"  C,  evaporates  more  or  less  of  the  water  of 
the  first  few  screens  and  becomes  enriched  in  water-vapor,  while  at  the  samte  time 
its  temperature  is  lowered  and  the  dust  thoroughly  wetted.  This  goes  on  as 
the  gas  travels  toward  the  middle  of  the  apparatus  when  an  equilibrium  is 
reached;  beyond  this  stage  the  process  is  reversed,  the  cold  water  admitted 


Figs.  814  and  825. — Bian  gas-washer. 

near  the  gas-outlet  C  condenses  water-vapor  into  globules,  and  these  carry 
down  with  them  the  wetted  dust.  There  is  a  sprinkling  device  (not  shown)  to 
free  the  screens  from  adhering  dirt  that  is  not  washed  oS  automatically  when 
these  dip  into  the  water.  G  is  a  centrifugal  hydraulic  fan,  and  B  a  dry  scrubber. 
The  washer  lowers  the  dust-content  of  a  gas  from  3-5  to  o.aa  grains  per  cu.  ft. 
Assuming  the  gas  to  have  a  temperature  of  100  deg.  C,  the  consumption  of  cool- 


gas-ivashing  plant. 


ing  water  id  the  washer  is  7.5  gal.  per  1,000  cu.  ft.  gas,  and  of  cleaning -water  in 
the  fan  3.7  to  7.4  gal.,  making  a  total  of  15  gal.;  for  gases  hotter  than  100°  C, 
these  figures  arc  raised  to  15  and  7.5  gal.  respectively.  The  power  required 
for  both  washer  and  fan  is  about  45  h.p.  for  a  blast-furnace  producing  100  tons 
pig  iron  in  34  hr. 

rig.  826  represents  a  Bian  plant  having  a  capacity  of  706,000  cu.  ft.  gasper 
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hr,  of  which  90  per  cent,  is  to  be  used  in  stoves  and  boilers,  and  the  remaining 
10  per  cent,  in  gas-engines.  The  gas  arriving  in  the  conduit  has  a  temperature 
of  140°  C.  and  contains  3.5  to  5.2  grains  dust  per  cu.  ft.  In  the  washer  the 
temperature  is  reduced  to  40°  C.  and  the  dust-content  to  i.i  grains.  The  gas 
drawn  through  the  washer  by  fan  B  is  driven  through  the  water-separator  W, 
and  leaving  this  is  divided  into  two  streams;  the  larger  goes  to  stoves  and 
boilers,  the  smaller  travels  in  the  opposite  direction  through  pipe  D  and  passes 
through  filters  £  filled  with  slag-wool  to  be  further  cleansed  and  also  dried; 
the  purified  gas  retains  0,01  to  0.005  grain  dust  per  cu.  ft.  The  water-consump- 
tion is  22  gal.  per  1,000  cu.  ft.  gas;  the  power  required  is  70  to  80  h.p.  if  the  gas 
is  to  be  cleaned  for  use  in  gas-engines,  and  so  h.p.  if  in  stoves  and  boilers. 


Figs.  827  and  838. — Sahlin  gas-washt 


Another  form  of  slow-moving  washer,  similar  to  the  Bian  is  that  of  Sahlin,' 
shown  in  Figs.  827  and  828.  In  a  stationary  horizontal  cylindrical  chamber 
with  gas  inlet  and  outlet  revolves  slowly  a  perforated  drum.  The  horseshoe 
shaped  space  between  the  chamber  and  drum  is  dosed  by  plate  diaphragms 
placed  behind  the  spider- wheels;  the  bottom  of  the  cylinder  is  filled  with  water 
to  a  depth  6  in.  above  the  lowest  point  of  the  perforated  drum;  spray-water 
is  admitted  at  the  top;  the  mud  is  scraped  toward  the  gas-inlet  end  by  a  spiral 
conveyor,  bolted  to  the  drum,  where  it  is  discharged  through  a  goose-neck;  the 
gas  zig-zags  through  the  chamber,  and  passing  through  a  screened  surface  of 
greater  area  than  in  the  Bian  washer,  the  Sahlin  washer  ought  to  have  a  larger 
capacity. 

c.  Quick-revolving  Atomizing  Washers.  The  first  atomizing  apparatus  put 
in  operation  was  a  hydraulic  centrifugal  fan.*    Fig.  829  represents  the  Dinnen- 

'  Cass.  Mag.,  1905,  xxvni,  442;  J.  I.  and  St.  I.,  1905,  i,  33 1. 
'Greiner,  J.  I,  and  Si.  I.,  1901, 1,  56. 

LUrmunn,  Slahl  u.  Risen,  1901,  xxi,  448, 

De  Mocomble,  Rev.  Mil.,  1905, 11,  233. 

Reinhardt,  Tr.  A.  I.  M.  E.,  1906,  xxxvii,  68i. 

JuDge,  Iron  Agt,  i9o6,Lxxvm,  548;  Iron  Trade  Rev.,  1908,  XLii,  28. 

Myjes,  Slahl  11.  Eisen,  1906,  KXVl,  33. 

Coleman,  J'roc./lOT.5oc.W«4.£ng.,  1910,  p.  i8jT.StahU,F.istii,-ii^\i,T33.\,H^'^»'J»»- 
muuM  Steel  Co.). 
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dahl  (an  with  water-seal  gas-inlet  pipe  to  the  right,  settling-tank  A ,  and  gu- 
outtet  to  the  left.  Its  construction  resembles  that  of  the  ordinary  suction  fan 
excepting  that  the  vanes  and  bearings  are  made  stronger.  A  water-inlet  is 
provided  at  the  suction-opening,  and  an  arrangement  is  provided  for  atomimg 
the  water.  The  atomized  water  becomes  intimately  mixed  with  the  hot  gas 
and  is  partly  converted  into  steam;  by  centrifugal  action  the  wetted  dust  and 
water  particles  are  thrown  toward  the  walls  of  the  spiral  casing  and  collect  in 
sump  A  while  the  purified  gas  leaves  by  the  top  outlet.  In  order  to  cleanse 
the  gas  sufficiently  for  power-purposes,  it  is  necessary  to  have  as  many  as  four 


FiC.  819. —  DinnenJihl  hydrauli 


fugLil  [ans. 


fans  arranged  in  series.  In  the  first  fan  the  water-spray  is  transformed  in 
|>art  into  steam  and  ihus  wels  the  dust;  in  the  second  and  third  fans  the  sleam 
is  condensed,  permitting  the  water-particies  charged  with  dust  to  be  readily 
collected.  The  fans  have  capacities  of  15,000  to  70,000  cu.  ft.  gas  per  hr.  and 
require  from  40  to  110  h.p.  The  circumferential  velocity  of  the  impeller  is  as 
high  as  186  ft.  per  sec.  with  a  diameter  of  3  ft.  9  in.  to  s  ft.  10  in.  For  1,000  cu. 
ft.  of  gas  from  11.3  to  15,1  gal.  water  are  required;  the  dust  is  reduced  to  0.08 
grains  per  cu.  ft. 

The  Schicie-Brencr  fan'  is  similar  to  the  Dinnendahl. 

The  Theisen  Gas-washer.'    This  apparatus,  shown  in  Figs.  830  to  833,  is 


» Tici; 


I,  Stahl  H.  Eiitn,  igoo.xx.  \ovi\  v^joi.^ 
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considered  as  the  most  efficient  washer.  It  consbts  of  a  stationary  conical 
casing,  A,  with  gas-inlet  a  at  one  end  and  the  outlet,  B,  at  the  other,  and  mud- 
outlet  G  beneath  the  gas-inlet.    The  inner  wall  is  provided  with  an  annular 


Fig.  83 


wire  screen  E  causing  the  spray-water  admitted  through  pipes  F  to  bubble 
through  the  meshes  and  o6er  a  large  condensing  surface.  The  casing  contains 
a  revolving  horizontal  drum,  the  surface  of  which  carries  a  number  of  spiral 
bach,  o^.  cit.,  1899,  xix,  57;LaimaDD,  0^.  fff.,  ipoi.xxi,  437;  Editor,  Iron  Age,  Aug.  14, 1904, 
p.  4;  SaMn,  Cass.  Mag.,  1905,  xxviii,  44S;  Junge,  Iron  Age.,  1906,  txxvin,  6ot,  6o%\  Itou 
Trade  Ret.,  ipoB.xui,  38;  Keinhardt,  Tr.A.  J.  M.  E.,iqo<j,XiQCni,fen^-,Ks.'iwj,\-t>*i-.^*'™ 
Trade  Her.,  igog.xuv,  834;  Irtm  Agt,  1909,  LXXXni,  7. 
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vanes,  i,  which  force  the  gas  to  travel  in  a  spiral  path  while  passing  through  the 
machine.  The  shaft  of  the  drum  carries  at  the  ends  suction  fans  h  and  ft.  In 
the  diagram  the  drum  is  represented  as  being  driven  by  belting,  but  ordinarily 
a  motor  is  direct-connected  to  the  drum-shaft  which  makes  S50  r.p.m. 

The  principle  of  the  machine  is  to  force  a  film  of  water  traveling  from  left 


Fig  830. 


to  right  into  fnclional  contact  with  the  gas  traveling  from  right  to  left,  and  thus 
to  condense  and  absorb  the  impurities  of  the  latter.  The  gas,  entering  at  a. 
is  sucked  I)y  fan,  A,  into  the  narrow  space  between  the  casing  and  drum,  and 
made  to  travel  through  it  in  a  sYiiral  path  until  it  is  discharged  by  fan,  k,  into 
the  delivery  chamber,  B,at  a pTc%?.\\ic al  aVo  ^■m.-"«^^.«■,■*.^.^^ls^^a.■K^e  time  the 
centrifugal  action  causes  iVvcwalci:  io\«6i^V(\ViAeioN«\:RftwiAwj&ri.«ti*ya«s.. 
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Working  with  gas  from  the  downcomer,  the  temperature  is  readily  reduced  from 
say  145  to  30°  C.  while  the  temperature  of  the  wash-water,  using  6  gal.  per 
1,000  cu.  ft.,  is  only  slightly  increased.  Here,  as  in  the  previous  apparatus,  the 
hot  gas  at  first  vaporizes  some  of  the  water  and  drops  the  larger  and  heavier 
particles  of  dust.  The  water-vapor  wets  the  finer  particles,  which  are  thrown 
against  the  film  of  water  spread  over  the  casing,  absorbed  and  carried  ofiF 
through  pipe  G  into  a  settling-tank.  The  clarified  water  is  pumped  through 
air-cooled  radiators  into  an  elevated  supply-tank.  It  appears,  however,  to 
be  preferable^  to  treat  gas  that  has  passed  through  a  primary  washer  as  is  the 
case,  e.'g.y  at  Gary,  Ind.,  where  the  blast-furnace  gases  first  pass  through  Mullen 
and  Zschocke  washers  before  they  arrive  with  a  velocity  of  from  3  to  4  ft.  per 
sec.  at  the  Theisen.  A  Theisen  washer  reduces  the  dust  from  1.4  -  1.7  to  0.08 
-0.14  grains  per  cu.  ft.,  consumes  from  6  to  11  gal.  water  per  1,000  cu.  ft.  of  gas, 
and  is  driven  at  a  speed  of  from  300  to  450  r.p.m.;  the  sizes  range  from  21,000  to 
i>555>ooo  cu.  ft.  per  hr.  and  require  from  50  to  150  effective  h.p.  At  Gary,  Ind., 
the  cost  of  installation  of  a  washer  per  1,000  cu.  ft.  gas  is  $23;  the  water  con- 
sumption is  9  gal.,  the  h.p.  15,  the  operating  expense  3.8  cents.  Table  250* 
gives  some  data  of  four  German  iron  blast-furnace  plants. 

Table  250. — Results  with  Theisen  Washer 


Hochdahl    • 

Schalkc 

H6rdc 

Apparatus 

I,  hot, 

uncleaned 

gas 

Apparatus 
II 

Apparatus 

I,  cool, 

cleaned 

gas 

Apparatus 
II 

Rombach 

Dust,  grains  per  i.ooo  cu.  ft. 
Before  washing 

2.6 
0.017 

2.6 
0.008 

I. 3-1. 7 
0.008 

I.I 

1.0 
0.004 

0. 87 

After  washing 

0.008 

Water,  grains  per  1,000  cu.  ft. 
Before  washing 

7.8 
3.1 

10.4 

2.2 

15%  vol. 
12-20%  vol. 

13.9 
IS 

15.8 
1.3 

18.3 

After  washing 

I'l.O 

Temperature  of  gas,  dcg.  C. 
Before  washing 

144 
30 

158 

37 

144 
30 

46 
33 

45 
28 

43 
36 

After  washing 

Temperature  of  water,  deg.  C. 
Before  washing 

14 
39 

7 
40 

12 
55 

28 
37 

20 
34 

18 

After  washing 

10 

Cooling-water  consumed. 

Cubic  feet  per  hour 

Gallons  per  1,000  cu.  ft. . . 

667 
8.22 

424 
7.48 

360 
7.48 

565 
7.78 

247 
7.93 

360 

8.45 

Volume    of    gas    per    hour, 
cu.  ft. 

607,160 

423,600 

360,060 

529.500 

211,800 

317.700 

*  Osann,  Stahl  u.  Eisett,  1902,  xxii,  153. 

*  Theisen,  Stahl  u.  Eisen,  1904,  xxiv,  288. 
Junge,  Iron  Age,  1906,  Lxxviii,  603. 
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Fig.  834,— Theisen  gas-washing  plant 
Table  351. — Cohfakison  01  Gas-washebs 
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Fig.  834  is  a  Theisen^  plant  having  a  capacity  of  847,200  cu.  ft.  gas  per  hr. 
Partly  cleaned  gas  with  0.43  to  0.69  grains  dust  per  cu.  ft.  and  a  temperature 
of  40°  C.  leaves  the  washer  with  0.013  grain  at  25°  C,  and  is  cleaned  to  o.oi 
grain  in  the  drying  filter. 

A  comparison^  of  the  work  of  the  three  ty^ts  of  gas-washers  as  given  by 
Junge,*  taking  into  consideration  the  first  cost,  power  requirements,  water  con- 
sumption and  operating  expenses,  based  upon  1,000  cu.  ft.  gas,  is  shown  in 
Table  251. 

341.  Neutralization  and  Utilization  of  Sulphurous  Gases  in  General. — The 
sulphurous  gases  produced  in  metallurgical  plants  treating  sulphides  have  harm- 
ful effects  upon  vegetation  and  human  health.  They  contain  both  SO2  and 
SOs  which  combining  with  H2O  form  H2SO8  and  H2SO4. 

The  deleterious  effect  upon  plants'  is  due  to  direct  contact  of  add  with 
leaves  or  needles  which  causes  a  derangement  of  water  circulation  and  a  loss 
of  water.  Leaves  exposed  to  sulphurous  gases  resemble  those  that  are  decaying 
in  the  autumn;  they  are  imperfectly  developed  at  the  start,  become  spotted  and 
pale,  then  bleach  and  soon  assume  a  dirty  autumnal  coloring  and  wither.  In 
woods  the  effects  are  seen  first  in  patches  here  and  there,  and  these  unite  later 
on  to  form  barrens.  Evergreens  show  a  behavior  similar  to  that  of  deciduous 
trees.  The  withering  effect  is  due  mainly  to  the  direct  contact  of  SO2 
with  the  leaves  and  needles,  to  a  smaller  extent  to  that  of  SOj;  it  can  be 
valued  by  the  percentage  of  S  they  contain  in  excess  of  similar  plants  in 
the  same  region  not  exposed  to  fumes.*  The  sensitiveness  of  plants  varies 
with  the  species.  Soil  quickly  converts  H2SO8  into  H2SO4  and  neutralizes 
it,  hence  there  is  no  direct  action  of  these  two  acids  upon  the  roots.  Apart 
from  the  effect  of  the  transposition  of  constituents  of  soil,  no  change  occurs 
in  composition. 

In  England  the  law*^  says  that  gases  with  over  1.5  grains  per  cu.  ft.  (=0.12 
per  cent,  by  vol.*)  may  not  be  discharged  into  the  air;  in  Prussia  they  may  not 

*  De  Mocombe,  Rev.  Mil.,  1905, 11,  252. 
Myjes,  Stahl  u.  Eisen^  1906,  xxvi,  27. 

*  Iron  Age,  1906,  lxxviii,  606. 

*Lunge,  G.,  "Sulphuric  Add  and  .'>lkali,"Gurney-Jadkson,  London,  1913,  i,  i54;Haselof, 
E.,  and  Lindau,  G.,  "Die  Besch&digung  der  Vegetation  durch  Rauch,"  BorntiiLger,  Leipsic, 
1903;  Wieler,  A.,  " Untersuchungen  iiber  die  Einwickung  der  schwefligen  Saeure  auf  die 
Pflanzen,"  Borntrager,  Berlin,  1905;  Wislicenius,  H.,  "Sammlung  von  Abhandlungen  iiber 
Abgase  und  Rauchschaden,  Parey,  Berlin,  1908  and  foil.;  "Rauch  und  Staub/'  Bagel,  Diissel- 
dorf,  1910  and  foil.;  Hamor,  W.  A.,  Bibliography,  Min.  Ind,,  1908,  xvji,  901;  Widsoe,  Eng, 
Min.  /.,  1904,  LXXVIII,  515;  Ebaugh,  J.  Am,  Chem.  Soc,  1907,  xxix,  971;  Frazer,  Bibliog- 
raphy, Tr.  A,  I,  M.  E.y  1907,  xxxviii,  520;  Harkins-Swain,  /.  Am,  Chem,  Soc,  1907,  xxix, 
970;  1908,  XXX,  915,  928;  Haywood,  /.  Am,  Chem.  Soc,  1907,  xxrx,  998;  Bull.  89  and  113 
(revised  in  19 10),  Bureau  of  Chemistry ,  U.  S.  Dept.  Agriculture;  Austin,  Min,  Sc.  Press,  1907, 
xcv,  649;  Havard,  Tr.  A,  I.  M,  £.,  19 10,  xli,  631. 

*  Sorauer,  Sammlung  von  Abhandlungen,  etc.,  Heft.  7;  Min,  Ind.,  191 1,  xx,  490. 
Hasenbaiimcr,  Rauch-Staub,  1913,  in,  109. 

*  Walker,  Eng.  Min.  J.,  1907,  ixxxviii,  1134. 

*  Number  grains  per  cubic  foot  X  2.29=  grams  per  cbm. 
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contain  over  0.02  per  cent  by  vol.  (  =  0.25  grain  per  cu.  ft.);  in  the  United  States' 
the  regulations  vary  in  different  states. 

Needles  and  twigs  of  pines  near  Freiberg,  Saxony,'  from  healthy  unaffected 
trees  showed  0.162  per  cent.  S0»;  in  areas  where  injliry  was  just  observaUe  to 
the  eye,  the  percentage  was  o.  210  to  0.300;  a  higher  grade  of  injury  gaveo.3  to 0.5 
per  cent.;  a  still  greater  injury  0.5  per  cent,  and  over.     Haywood  found  that  it 
Redding,  Cal.,  80  per  cent,  of  thein- 
A'^LiiJ  jured  trees  contained  more  SOi  than 

the  uninjured;  at  Ducktown,  Tenn., 
the  hgure  was  94  per  cent;  at  Ana- 
conda, MonL,  gi  per  cent.  Ebau|h's 
experiments  with  alfalfa,  sugar  be«t 
and  other  plants  with  succulent 
leaves  showed  them  to  be  less  affected 
than  conifers.  The  damage  done  by 
sulphurous  gases  is  proportional  to 
the  amount  of  SOi  present.  Long- 
continued  action  of  as  little  as  iSCh 
in  I  million  air  proves  hurtful;  it  is 
inversely  proportional  to  the  height 
at  which  it  is  discharged  into  the  bit, 
and  depends  upon  the  direction  of 
the  wind  and  the  moisture  of  the 
air.  The  discharge  of  gases  throufb 
high  chimneys'  lessens  the  amount  of 
damage  to  vegetation  to  a  degree  less 
than  is  usually  supposed.  An  inter- 
esting development  in  the  disposal 
of  smelter  smoke  is  the  Wislicenus 
smoke  stack.'  The  sulphurous 
smoke  issuing  from  the  stacks  of  lead 
and  copper  smelteries  remains  undis- 
persed  for  a  long  distance,  the  dust 
falls  out  gradually,  but  the  gases 
come  down  not  sufficiently  diluted  to 
make  them  harmless  for  vegetation. 
In  order  to  dilute  the  gas,  it  is  necessary  that  air  be  introduced  at  an  early  stage 
in  suth  a  manner  as  to  divide  the  smoke  column  into  strips  surrounded  by  air. 
nc  by  llic  Wi.sliccnus  stack,  shown  in  Fig.  835,  which  consists  briefly 
villc,  Kiig.  Mh.  J..  1000,  LXNwri,  8S4. 

iT-Rpiiss,  "Die  HosliiidiKunf!  dcr  Vegelalion  durch  Raucb  und  die  Oberbana 
liscIiniiiTi,"  Party,  Ikrlin,  iSSj. 

t.  lirfiird.GmerbcJicis^es.,  igoj,  Lxxxi,  169. 


Fm.  Sj;. 
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.  Mrlb.. 


i.KhS.  Mill.  J.,  11 


Hahn,  I\iig.  Mill.  J.,  191:,  xcn,  356. 
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in  placing  a  lattice-like  extension  on  top  of  the  ordinary  chimney.  Air  will 
pass  through  the  lattices  from  whatever  direction  the  wind  may  be  blowing; 
it  will  come  in  cbntact  with  the  ascending  gases,  divide  them  into  bands  and 
pass  out  with  them  at  the  opposite  side.  Thus,  instead  of  a  single  column  of 
smoke  rising  from  the  stack,  strips,  each  surrounded  by  air,  will  pass  ofiF  at  the 
sides,  the  column  having  been  broken  up  at  the  point  of  issue.  The  smoke 
of  the  single  bands  will  readily  diffuse  into  the  enclosing  air,  and  the  smoke 
be  dissipated  so  that,  when  it  finally  comes  down,  the  sulphurous  gas  will  be 
diluted  sufficiently  to  be  harmless. 

Sulphurous  gas  is  more  harmful  in  the  presence  of  light,  in  dry  (not  generally 
accepted)  and  warm  air  than  under  reverse  conditions,  and  hence  is  more 
injurious  by  day  than  by  night. 

Contact  with  flue  dust  has  no  injurious  effect  upon  conifers;  any  poison  found 
in  a  plant  is  due  to  soluble  salts  having  been  formed  in  the  soil  and  taken  up 
by  the  plant,  the  effect  of  which  is  only  very  slight.  Plants  with  succulent 
leaves  are  affected  by  flue  dust.  Needles  and  twigs  of  pine  trees  at  Freiberg 
according  to  Schroder-ScherteP  contained  in  1,000  parts:  Pb  5  to  50,  As  3.3  to 
14.3,  SO2  62  to  120  parts. 

Human  health^  is  unfavorably  affected  by  sulphurous  acid.  The  latter 
irritates  the  mucus  membrane  of  nose,  mouth  and  throat  causing  increase  of 
flow  of  saliva;  working  any  length  of  time  in  sulphurous  fumes  causes  violent 
coughing,  spitting  of  blood,  vomiting,  loss  of  appetite,  irregularity  of  action  of 
the  bowels,  and  inflammation  of  the  eyes.  Air  with  0.012  parts  SO2  per  1,000 
does  not  affect  the  average  person,'  air  with  0.015  parts  does;  workmen  accus- 
tomed to  fumes  are  little  affected  by  air  with  0.037  parts  in  1,000;  air  with  0.7 
per  cent.  SO2  is  considered  the  limit  of  what  man  can  bear.  Sulphiuic  acid, 
h'ke  all  mineral  acids,  has  a  corrosive  action,  destroying  tissue  and  coagulating 
albumen. 

The  methods  of  handling  sidphurous  gases  vary  with  the  percentage  of  SO2. 
They  may  be  divided:  (i)  methods  suited  for  gases  from  heaps,  stalls  and 
reverberatory  furnaces,  which  contain  less  than  2  per  cent,  by  vol.  of  SO2  and 
are  contaminated  with  fuel  gases;  and  (2)  methods  suited  for  gases  from  muffle- 
furnaces  and  continuous  kilns  with  4  per  cent,  by  vol.  of  SO2  and  over,  and  are 
free  from  fuel  gases.  Gases  containing  less  than  2  per  cent.  SO2  by  vol.  have  no 
industrial  value;  the  SO2  has  to  be  neutralized  unless  the  surroundings  make  it 
possible  to  pass  off  the  gas  into  the  open  air.  The  SO2  from  gases  with  4  per 
cent,  by  vol.  and  over  may  be  converted  into  sulphurous  anhydride,  sulphuric 
anhydride,  or  sulphuric  acid.  A  number  of  processes  have  been  suggested  to 
utilize  it  in  other  ways. 

*  Freih.  Jahrb.y  1884,  ?•  93- 

*  Fuller,  M.,  Meissner,  C,  and  Saeger,  O., "  Hygiene  der  Berg.  Tunnel  und  HUttenarbeiter," 
Fischer,  Jena,  1895,  p.  448. 

Bauer,  S.,  "Gesundheitsgefahrliche  Industrien,"  Fischer,  Jena,  1903. 
Rambousck,  J.,  "  Gewerbliche  Vergiftungen,"  Veit  &  Co.,  Leipsic,  191 1. 
'Lehmann,  Zt.  angew.  Chem.,  1893,  P*  ^'2. 
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342.  Gases  with  2  Per  Cent,  by  Volume  of  SO2  and  Under. ^ — Condensation 
by  water  has  been  repeatedly  tried,  but  has  not  proved  effective.  Although  the 
solubility^  of  SO2  in  water  at  ordinary  temperature  is  great/ as  shown  in  Table 
251,  the  add  in  the  smoke  is  so  dilute  that  the  SO2  is  imperfectly  collected  in  the 


Table  251.- 

—Solubility 

OF  Sulphur  Dioxide  in 

Water 

HiO.  deerees  C 

20 

30 

40 

50 

60 

70 

80 

90 

TOO 

S0«.  Dcr  cent,  dissolved 

8.6 

7-4 

6.1 

4.9 

Z'l 

2.6 

1.7 

0.9 

0  0 

usual  condensation  towers.  Although  mechanical  washers,  e.g.,  of  bronze,  may 
remedy  this  drawback,  there  remains  the  difficulty  of  disposing  of  the  acidulated 
water.  Carpenter's  freezing-process,  already  referred  to  (p.  858),  may  prove  a 
solution  although  its  economic  success  is  doubted. 

Neutralization  with  limestone  was  introduced  by  Winkler*  at  the  ultramarine 
works  of  Schneeberg,  Saxony.  Although  the  process  works  satisfactorily,  it  is 
essential  that  the  gases  be  cool  (with  38°  C.  much  CaS04  is  produced,  forming  a 
protective  coat),  that  a  large  quantity  of  water  be  fed,  and  that  the  draft  be 
strong  so  as  to  overcome  the  resistance  of  the  long  path  which  the  gases  have  to 
travel  in  order  to  become  completely  neutralized.  The  method  has  not  made 
any  headway. 

Neutralization  with  milk  of  lime,*  on  the  other  hand,  is  in  operation  at  a 
number  of  plants;  the  SO2  forms  CaSOs,  and  this  upon  exposure  to  air  gradually 
changes  into  CaS04,  which,  after  having  been  dried  and  ground,  is  marketable 
as  a  fertilizer  and  as  a  raw  material  for  the  manufacture  of  plaster  of  Paris. 
However,  the  price  of  natural  gypsum  in  this  country  is  too  low  to  promise  any 
profit  in  the  preparation  of  the  salt. 

At  the  Hohenlohe  zinc  works  in  Silesia,^  the  gases  from  blende-roasting  re- 
verberatory  furnaces  containing  SO2 1  per  cent.,  CO2  3.5  per  cent.,  O  16  per  cent., 
N  79.5,  are  treated  as  follows:  They  are  made  to  ascend  in  a  series  of  towers 
20  ft.  high  connected  with  a  chimney  328  ft.  high.  The  towers  are  sprayed 
at  the  top  with  a  large  excess  of  milk  of  lime,  and  the  precipitate  and  liquor 
are  drawn  off  at  the  bottom  into  sumps  where  the  former  settles  while  the  milky 
liquor  is  pumped  again  on  to  the  towers.  The  precipitate  contains  about  40 
per  cent.  CaO,  37.5  per  cent.  SO2,  4  per  cent.  CO2,  2.5  per  cent.  SO3,  3.4  per 
cent.  (FcAOoOs,  residue  8  per  cent.  From  75  to  80  per  cent,  of  the  SO2  of  the 
gases  is  thus  recovered. 

*  Schiitz,  E.,  "Die  Darstcllung  von  Bi-Sulphiten  und  Sulphiten,"  Knapp,  Halle,  191 2. 
'  Harpf,  A.,  "Fliissiges  Schwcfeldioxyd,"  Encke,  Stuttgart,  1900,  p.  21. 

^Frcib.  Jahrh.,  1880,  p.  08. 

*  Korten,  "Mechanische  Kalkmilchbcrcitung,"  Gliich  Auf.  1912,  xlviii,  1042. 

*  Schmieder,  Oesl.  Jahrb.,  1889,  xxx\'ii,  397. 

Ingalls,  W.  R.,  "Metallurgy  of  Zinc  and  Cadmium,"  Engineering  and  Mining  Journal, 
igoj,  p.  164. 
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Other  absorbents  have  been  suggested;  magnesium  hydrate,  aluminum 
hydrate  and  alumina  by  Precht  (1881),  zinc  carbonate  by  Schnabel  (1882)  with 
the  object  of  heating  the  salts  formed  and  thus  concentrating  the  SO2  and  mak- 
ing it  available  for  add  and  other  processes.  The  use  of  these  compounds  has 
not  gone  beyond  the  experimental  stage. 

At  Fldne,  Belgium,^  dilute  gases  from  blende-roasting  reverberatory  fur- 
naces are  conducted  into  old  dumps  of  alum  shale  in  order  to  dissolve  the 
alumina  as  sulphate.  At  Salt  Lake  City,  Utah,  sulphurous  gases  have  been 
conducted  into  slag-heaps  (S5rensen-Westley  process).*  The  use  of  dry  zinc 
oxide  or  calcium  oxide  for  neutralizing  sulphurous  and  sulphuric  acid  in  fur- 
nace gases  by  Sprague  has  been  discussed  on  page  849. 

343.  Gases  with  4  Per  Cent.  SO2  and  Over. — The  principal  methods  of 
utilizing  gases  of  this  character  aim  to  convert  them  into  sidphuric  acid  (H2SO4) 
by  the  cham^ber  process,  into  sulphuric  anhydride  (SOa)  by  the  contact  process, 
or  into  liquid  sulphurous  anhydride  (SO2)  by  the  Schroder-Hanisch  press,  all  of 
which  are  treated  in   G.  Limge's  "Sulphuric  Acid  and  Alkali,"  Gurney  & 

« 

Jackson,  London,  1913.  The  absorption  tower'  of  the  last  process  has  recently 
been  improved  by  W.  Borchers.*  Other  methods  for  utilizing  concentrated 
SO2  are  the  production  of  sodium  sulphate,  of  sulphur,  and  the  solution  of 
metal. 

Sodium  sulphate  is  produced  by  the  process  of  Hargreaves  and  Robinson* 
in  which  SO2  in  the  presence  of  air  and  steam  is  made  to  act  upon  NaCl  between 
400  and  500**  C,  viz.,  2NaCl+S02+0+H20  =  Na2S04+2HCl. 

It  has  been  proposed  to  produce  S  from  SO2  in  various  ways.*  Direct  reduc- 
tion by  red-hot  carbon,  S02+C  =  S+C02,  appears  to  work  only  with  concen- 
trated gas  because  the  free  air  in  dUute  gases  oxidizes  the  C,  and  because  the 
reduction  of  dilute  SO2  is  imperfect.  Dilute  gas  has  to  be  enriched  as  was  indi- 
cated above.  Recent  experiments  by  De  Lay  and  Carson^  demonstrate  again 
that  the  reduction  of  SO2  by  C  is  easily  effected,  and  that  lamp-black  from  the 
imperfect  combustion  of  crude  oil  works  satisfactorily. 

The  so-called  Thiogen  process  of  Young*  aims  to  reduce  SO2  by  means  of 
CxHy.  It  consists  of  the  following  steps:  (i)  Action  of  dry  SO2  upon  warm 
CaS,  as  expressed  by  2CaS+3S02  =  2CaS02+3S;  (2)  recovery  of  sulphur  from 

*  Firket,  Ann.  Mines  de  Belgique.y  1901,  vi,  235. 
Ingalls,  op,  cit.,  p.  165. 

*  Westley,  Eng.  Min.  /.,  1910,  xc,  1164;  /.  Ind,  Eng.  Chem.,  1912,  iv,  725;  Min.  Eng. 
Worldy  1912,  XXXVII,  709. 

'  Eilers,  Tr.  A,  /.  M,  £.,  1891,  xx,  336. 
Harpf,  A.,  "Fliissiges  Schwefeldioxyd,"  Enke,  Stuttgart,  1900;  also  Ingalls,  W.  R., 
"Metallurgy  of  Zinc  and  Cadmium,"  Engineering  and  Mining  Journal,  New  York,  1903, 
p.  166. 

*  Metallurgie,  1909,  vi,  316. 

*  Lunge,  op.  cii.f  Vol.  11'. 

*  Nagel,  Rauch-Staub,  191 2,  ill,  68. 
^  Min.  Sc.  Press f  1908,  xcvii,  401. 

*  Min.  Sc. Press.,  1911,  cm,  375,  386;  1912,  crv,  491;  Eng.  Min.  J.,  1912,  xciii,  873;  1913* 
xcv,  369;  Met.  Chem.  Eng.,  1912,  x,  710. 
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the  intermediary  product  by  sublimation;  (3)  treatment  of  the  latter  with  a 
hydrocarbon  at  an  elevated  temperature  whereupon  the  reaction  2CaS08+ 
CH2  =  2CaS+2C02+H20  takes  place  with  the  regeneration  of  the  original  re- 
agent. It  appears  that  the  presence  of  pyrite  is  favorable,  being  decomposed 
according  to  3  FeS2+2S02  =  Fe804+8S,  although  very  slowly.  Instead  of  the 
imaginary  CH2  given  in  the  formula,  there  would  be  used  CaH4,CH4,  petroleum 
vapor,  etc. 

Carpenter^  proposes  to  cool  the  reduced  sulphur  vapor  and  to  collect  the 
solidified  flour  of  sulphur  by  filtering. 

Another  method^  of  obtaining  S  is  to  produce  H2S  by  conducting  SOj  and 
water- vapor  through  a  tower  filled  with  glowing  coal  (S02+H20^3C=H2S+ 

3C0-cal.;    2SO2  + 2H,0  +  3C= 

4 


2H2S+3C02+cal.;  5SO2+5H1O 
+  9C  =  5H2S+6C02+3CO+cal.) 
enough  air  passing  through  the 
coal  to  keep  the  generators  hot, 
but  not  to  oxidize  the  H2S,  and 
then  to  produce  S  either  by  having 
the  H2S  act  upon  S02-2H^+ 
SO2  =  2H2O+3S  —  or  by  conduct- 
ing the  H2S  through  a  Claus- 
Chance  kiln:*  H2S+O  (from 
Fe203)=H20+S. 

A  third  method  is  the  one 
suggested  by  Kosmann*  who  pro- 
poses to  reduce  CaS04  by  C  to 
CaS,  to  change  this  into  CaHjSj 
by  treatment  with  H2O,  and  then 
to  pass  SO2  through  it  whereupon 
the  following  reaction  will  take 
place:  5SO2  +  2CaH2S2  =  78  + 
2CaS04+2H20;    the  S    is  to  be 

extracted   from    the   mixture   by   superheated  steam,  and    the    residue   used 

over  again. 

The  solution  of  metals,  such  as  finely  divided  Fe,  Cu  or  Zn,  has  not  been  an 

economic  success.     Rossi cr^  used  the  apparatus  shown  in  Fig.  836  for  condens- 

'  Proc.  Colo.  Sc.  Soc,  1908,  ix,  69. 

2  Huddeus,  V .  Inlcrnat.  Kougress  jiir  Angew.  Chemie.,  1903,  ii,  116;  Zt,  Elcclrochemiey  190;, 
IX,  858. 

^  Lunge,  op.  cit. 

*Gluck  Auf,  May  2,  1894;  Berg  Iliittcnm.  Z.,  1894,  Liii,  192  (see  also  149);  Ocsi.  Zt.  Ber§. 
JInllcn'iL'.,  i895,XLiii,  699. 

^  Dingier,  Polyt.  J.,  1881,  Cf-XLii,  278. 

Fischer  Jahreshcrichte^  i88i,xxvii,  184. 

Wendt,  Tr.  A.  I.  M.  A\,  1883-84,  xii,  274. 

Stetefeldt,  op.  cit.^  1892-93,  xxi,  74. 


Fig.  836. — Rossler  converter. 
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ing  the  acid  fumes  arising  from  a  cast-iron  kettle  in  which  dor€  silver  is  parted 
by  means  of  concentrated  sulphuric  acid,  and  for  preparing  cupric  sulphate  from 
finely  divided  copper.  In  the  figure,  B  is  the  lead-lined  tank  8  to  9  ft.  high  and 
5  ft.  in  diam.,  A,  the  lead-lined  pipe  6  in.  in  diam.;  C,  perforated  ring;  D,  the 
pipe  through  which  gases  are  drawn  by  mean$  of  a  Koerting  ejector,  Fig.  646. 
The  tank  is  charged  with  a  solution  of  CUSO4  and  precipitated  metallic  Cu  which 
may  carry  some  Ag  and  Au.  With  the  hot  sulphurous  gases  from  the  parting 
kettle  a  large  amoimt  of  air  is  drawn  into  the  tank  and  the  solution  thoroughly 
stirred.  The  CUSO4  acts  as  an  oxygen-carrier  for  the  oxidation  of  SO2  to  SO3, 
and  the  H2SO4  formed  readily  dissolves  the  finely-divided  Cu  in  the  presence  of 
air  forming  CuSOi.  When  the  solution  has  reached  a  strength  of  35°  Be.,  it 
is  replaced  by  a  fresh  charge.  The  extension  of  this  process  to  the  utilization 
of  ordinary  acid  smoke  has  not  proved  successful.^ 

344.  Neutralization  and  Utilization  of  Chlorine  and  Hydrochloric  Acid. — 
The  gases  formed  in  chloridizing  roasting  carry  CI,  HCl,  and  volatile  metallic 
chlorides,  besides  some  SO2  and  SO3.  They  have  an  injurious  effect  upon  vege- 
tation. Carrying  them  off  through  high  chimneys  is  less  efficacious  than  with 
sulphurous  gases,  as  they  are  not  diffused  in  the  air,  but  return  to  the  earth  in 
compact  clouds. 

In  the  chloridizing  roasting  of  copper  ores  (Longmaid-Henderson  process),* 
the  condensation  of  gases  is  of  great  importance,  as  the  condensed  acid  (tower- 
liquor)  is  used  as  a  solvent,  and  as  volatilized  copper  chloride  is  recovered.  The 
condensation  is  effected  in  towers  which  must  have  large  dimensions  if  the  roast 
is  carried  on  in  reverberatory  furnaces.  Large  towers  (10  ft.  sq.  and  50  ft.  high) 
are  built  of  acid-proof  brick  laid  in  tar,  or  of  wood  lined  with  lead,*  or  small 
towers  (36  in.  diam.)  of  sewer  pipe.  Large  towers  are  packed  with  quartz  or 
acid-proof  brick,  small  towers  with  coke.  Two  towers  may  be  coupled  in  scries. 
With  all  towers,  the  gas  enters  near  the  bottom;  spray-water  is  admitted  on  the 
top. 

*  Friese,  Chcmische  Industrie^  1895,  xvni,  137. 
'  Hofman,  "Metallurgy  of  Copper." 

•  Brauning,  Zt.  Berg.  Hiittenw.  Sal,  Wcsen  i.  Pr.^  1870,  xxv,  157. 


CHAPTER  Xn 
METALLURGICAL  PRODUCTS 

345.  In  General. — Metallurgical  products  are  classed  in  various  ways: 
(i)  According  to  the  necessity  of. further  treatment  as  finished,  unfinished  and 
refuse  products;  (2)  according  to  the  process  by  means  of  which  they  have  been 
formed  as  roasting,  smelting,  sublimation,  distillation,  lixiviation,  etc.,  products; 
and  (3)  according  to  the  leading  metal  they  contain  such  as  iron,  copper,  lead, 
zinc,  tin,  etc.,  products.  As  these  different  points  of  view  furnish  no  dear  lines 
of  demarcation,  it  seems  more  convenient  and  simple  to  discuss  them  briefly 
imder  (4)  the  heads  of  solid,  liquid  and  gaseous. 

346.  Solid  Products. — The  leading  solid  products  are  metals,  alloys,  mattes, 
speises,  slags,  flue  dust,  wall  accretions,  hearth  accretions  and  furnace  refuse. 
Metals  (§4-24),  alloys  (§25-58),  slags  (§190-213),  flue  dust  (§329  and  foil.)  have 
already  been  treated. 

347.  Matte. — This  is  a  heterogeneous  mixture  of  metallic  sulphides,  pro- 
duced in  smelting  sulphide  ores,  which  often  contains  some  mbtal  and  metallic 
oxide.  Chemical  analysis  shows  a  great  diversity  in  composition.  The  leading 
components  are  S,  Cu,  Fe,  Pb,  Ni;  of  secondary  importance  are  Zn,  Co,  Mn,  Bi, 
Ag,  Au,  Pt,  Ca,  Ba;  besides  S  there  is  frequently  present  some  As  and  Sb.  As  to 
the  constitution  of  matte,  the  freezing-point  curves  so  far  investigated  show  in 
solidified  matte  that  there  are  present  chemical  compounds,  eutectic  mixtures 
and  solid  solutions.  A  number  of  the  sulphides  give  up  some  of  their  sulphur 
w^hen  they  are  heated  well  above  their  melting-points;  wdth  the  exception  of  Au 
the  simple  chemical  compounds  are  stable  at  their  melting-points.  Complex 
chemical  compounds  are  not  common;  the  leading  ones  are:  (Ni8S2+Ni)FeS; 
(Cu2S)2FeS;  (Cu2S)3(FeS)2;  (Cu2S)2(FeS)6.  Eutectics  are  formed  by 
FeS-CusS;  PbS-Cu2S;  FeS-PbS;  FeySj-PhS;  FeS-ZnS;  PbS-AgjS;  PbS-ZnS; 
AgoS-ZnS;  Ni3S2-Cu2S;  CU-CU2S;  Fe-FeS;  Ni-Ni3S2.  Solid  solutions  are 
formed  by  NiaSo-FeS;  Cu2S-FeS;  Cu2S-Ag2S;  FeS-Fe;  Cu2S-Cu;  PbS-Pb. 
The  presence  of  Fe304  has  been  noticed  in  some  copper  mattes.^  Mattes  pro- 
duced from  ores  containing  some  As  or  Sb  retain  small  amounts  of  these  ele- 
ments; whether  they  form  sulpharsenides  or  antimonides^  or  are  present  in 
some  other  form  is  not  know^n. 

Matte  is  brittle  and  the  fracture  ranges  from  coarse-grained  through  fine- 
grained to  conchoidal ;  its  color  is  bronze-like,  often  bluish,  again  dark  to  light 
gray;  the  luster  is  bright;  the  specific  gravity^  varies  from  4.7  to  5.55;  Zn  and 

*  Keller,  Eng.  Min.  /.,  1895,  lx,  465;  Tr.  A.  7.  M.  £.,  1893,  xxii,  580;  Neill,  j6«f,  675. 

Walter,  Eftg.  Min.  /.,  igi^.xcVj  213. 
'Jaeger,  Eighth  Intermit.  Congr.  Appl.  Ghent. ^  1912,  11,  139. 
3  Table  in  H.  Lang,  "Matte  Smelting,"  Scientific  Publishing  Co.,  New  York,  1896,  p.  36. 
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Mn  make  it  light;  Pb,  other  metals,  Ba,  As  and  Sb  make  it  heavy.  Some 
mattes  disintegrate  quickly  when  exposed  to  air  at  ordinary  temperature, 
others  are  more  stable.  Hot  matte  in  contact  with  water  explodes  with  great 
violence.^ 

348.  Speise. — ^This  also  is  a  heterogeneous  mixture  composed  of  metallic 
arsenides  (and  antimonides)  produced  in  the  smelting  of  arsenical  (and  anti- 
monical)  ores;  arsenides  prevail  over  antimonides.  Chemical  analysis,  also 
here,  shows  a  great  diversity  of  composition.  The  leading  components  are 
As(Sb),  Fe,  Ni,  Co,  Cu;  of  secondary  importance  are  Pb,  Ag,  Au,  Zn,  Bi. 
The  freezing-point  curves  so  far  investigated  show  that  chemical  compounds  are 
formed  by  Fe-As,  Ni-As,  Co-As,  Cu-As;  eutectic  mixtures  by  Fe-As,  Ni-As, 
Co- As,  Cu-Asj  Pb-As,  Ag-As(?)  and  Pt-As(?);  solid  solutions  by  Ni-As  and 
Zn-As;  no  affinity  whatever  exists  between  Bi-As.  A  speise  appears  to  contain 
more  chemical  compounds  than  a  matte;  this  may  be  presupposed  if  one  may 
judge  by  the  greater  difficulties  encountered  in  roasting  a  speise  than  a  matte. 
Finely  divided  metal  and  metallic  oxide  are  usually  absent.  Speise  is  brittle; 
some  varieties  have  a  granular  fracture,  and  others  clearly  developed  cleavage 
planes;  the  color  usually  is  a  yellowish  to  grayish  white;  the  luster  is  bright; 
the  specific  gravity  is  greater  than  that  of  matte.  Most  speise  remains  unat- 
tacked  for  a  long  time  when  exposed  to  the  air  at  ordinary  temperature.  Speise, 
just  like  matte,  is  an  unfinished  product,  and  is  treated  for  its  valuable  con- 
stituents. The  general  behavior  of  arsenides  and  antimonides  is  discussed  in 
§§66  and  67. 

349.  Wall  Accretions. — ^These  are  finely  to  coarsely  crystalline  mixtures 
found  in  the  upper  cooler  parts  of  a  shaft  furnace.  They  may  consist  of  parts 
of  the  original  charge,  or  may  be  the  result  of  chemical  changes  in  the  charge. 
They  may  be  composed  of  metal  and  metallic  compounds  which  have  been 
vaporized  in  the  lower  hotter  zone  and  condensed  in  the  upper  cooler  portion 
of  a  furnace  where  they  gather  either  in  their  original  forms  or  after  they  have 
undergone  some  chemical  changes.  The  accretions  either  simply  adhere  to  the 
furnace  walls  in  which  case  they  may  be  easily  barred  off,  or  they  attack  the 
furnace  lining  and  this  frequently  to  such  a  degree  that  the  furnace  has  to  be 
relined.  In  the  iron  blast-furnace  are  foimd  pure  C  and  cadmia  (Zn+ZnO);  in 
non-ferrous  furnaces  are  found  volatile  sulphides,  arsenides,  as  well  as  metals  and 
their  secondary  products.  The  composition  of  a  wall  accretion  depends  upon 
the  character  of  the  charge  and  the  running  of  the  furnace.  Accretions  are 
usually  treated  in  the  same  furnace  in  which  they  have  been  formed;  cadmia 
forms  the  leading  exception  to  this  general  statement. 

350.  Hearth  Accretions  (Sows). — These  form  an  unwelcome  mixture  of 
parts  of  the  charge  and  of  the  products  of  the  process  which  melts  at  a  tempera- 
ture higher  than  the  one  obtaining  in  the  furnace,  and  which  sinking  through 
the  melted  mass  at  the  tuyfere-level  collects  on  the  bottom  of  the  hearth.  Its 
formation  is  caused  by  a  faulty  mixture,  by  a  wrong  distribution-of  the  charge, 

*  Hutchison,  Eng,  Min.  /.,  1909,  Lxxxvn,  172. 
Smith,  op.  ciLt  191 1,  xci,  754. 
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or  by  accidents  in  the  normal  working,  etc.  In  the  iron  blast-furnace  the  sow 
consists  mainly  of  non-carburized  iron;  in  non-ferrous  furnaces  it  is  usually  a 
mixture  of  metallic  iron,  other  metals,  speise,  matte,  slag,  and  fuel.  A  sow  may 
be  a  waste  or  intermediary  product  depending  upon  the  values  locked  up  in  it. 
In  any  case  the  metallurgical  treatment  is  a  tedious,  expensive  piece  of  work. 

351.  Furnace  Cleanings  and  Refuse. — The  mixture  raked  out  of  a  furnace 
after  the  fluid  parts  have  been  tapped  usually  goes  by  this  appelation.  It  is 
returned  to  the  furnace  after  this  has  been  blown  in  again. 

352.  Liquid  Products. — The  solutions  obtained  in  wet  or  some  electrolytic 
processes  contain  salts  which  may  be  recoverM  by  crystallization  as  is  the  case 
with  Fe,  Cu,  Zn,  Ni,  Co,  etc. ;  or  they  may  serve  as  binders  in  briquetting  finely 
divided  ores  (e.g.,  FeS04+aq)  and  as  a  sulphatizing  addition  in  roasting;  or 
they  may  be  run  to  waste  either  directly  or  after  having  been  neutralized  to 
make  them  harmless. 

353.  Gaseous  Products. — The  composition  of  gases  formed  in  pjrrometal- 
lurgical  operations  varies  greatly  with  the  processes.  Thus,  the  timnel-head 
gases  from  the  iron  blast-furnace,  practically  free  from  O,  contain  more  CO  and 
CO2  and  thus  form  an  important  gaseous  fuel,  while  the  gases  from  non-ferrous 
blast-furnaces  are  waste  products,  as  they  contain  more  CO2  than  CO.  The 
gases  from  the  copper  ^blast-furnaces  at  Mansfeld,  Germany,  form  the  leading 
exception.  The  gases  from  reverberatory  furnaces  contain  a  large  amount  of 
unconsumed  air;  they  are  waste  products  and  pass  off  into  the  open  luiless  they 
are  charged  with  noxious  gases  which  have  to  be  neutralized  and  may  be 
utilized  (§341).  Gases  from  muffle-furnaces  may  be  waste  products  or  not 
depending  upon  the  character  of  the  ore  that  is  being  treated.  Most  furnace 
gases  are  made  to  pass  through  some  sort  of  dust-  or  fume-collecting  apparatus 
in  order  either  to  recover  the  dust  or  fume,  or  to  purify  the  gas.  In  many  cases 
both  recovery  and  purification  have  to  be  carried  on  at  the  same  time. 


CHAPTER  XIII 
ECONOMIC  CONSIDERATIONS 

354.  The  Corporation  and  Organization  of  Work.^ — In  our  days  it  is  the 
exception  that  a  metallurgical  plant  is  owned  and  worked  by  an  individual  or 
by  a  partnership  consisting  of  a  few  men.  The  amounts  of  money  usually  in- 
volved are  too  large;  they  call  for  a  capital  as  well  as  a  limited  liability,  and  this 
requires  the  formation  of  a  legalized  business  combination,  the  corporation. 
The  capital  necessary  for  metallurgical  work  has  to  cover  the  money  required  for 
establishing  and  for  running  the  plant. 

The  capital  of  establishment  does  not  represent  simply  the  original  plant 
investment,  but  includes  also  the  money  expended  for  starting  and  financing 
the  corporation.  Should  the  works  be  closed  down,  their  market-  or  cash- 
value  is  only  a  small  part  of  the  money  originally  expended.  For  this  reason 
a  sinking  fund  is  required,  besides  thq  usual  interest  charge  (6  per  cent.)y 
which  in  a  given  number  of  years  (10  ±)  shall  be  allowed  to  wind  up  affairs 
without  losing  the  money  originally  spent. 

In  a  metallurgical  plant  this  amortization  is  of  special  importance  on  ac- 
count of  the  short  lives  of  many  furnaces,  and  the  progress  that  is  being  con- 
tinually made  in  mechanical  appliances  and  chemical  processes  causing  older 
apparatus  not  yet  worn  out  to  be  replaced  by  newer  ones,  and  modes  of  operating 
to  be  changed.     The  amount  of  money  which  must  be  put  aside  annually,  at 

a  certain  rate  of  interest  regularly  compounded,  may  be  figured  according  to 

f 

Dilworth^  by  the  formula -X'= 57—,    x^i ,  in  which  S  =  total  amount  to  be 

•^  (1+2)'*  — i' 

retired,  r  =  interest  rate,  n  =  life  of  sinking  fund  or  amortization  period. 

The  cost  values  of  different  plants  vary  with  the  character  of  the  process 
and  the  magnitude  of  the  unit.     In  Table  252  are  assembled  a  few  general  data.' 

The  working  or  quick  capital,  sometimes  termed  liquid  assets,  represents 
the  money  necessary  to  operate  the  plant.  It  is  usually  larger  than  the  capital 
of  establishment,  as  funds  are  necessary  for  purchasing  of  ore,  flux,  fuel  and  other 
materials.  It  also  includes  the  value  of  the  intermediary  products  which  have 
been  paid  for  when  bought  as  ore,  but  which  are  still  in  process  of  extraction; 

*  Conygnton,  Th.,  "A  Manual  of  Corporate  Organization."  Ronald  Press,  New  York, 
1908.  Same  author,  "A  Manual  of  Corporate  Management,"  Ronald  Press,  New  York, 
1909. 

*  Tr.  A.  I.  M,  E.f  1910,  XLi,  533;  see  also  Channing,  Eng.  Min.  /.,  1910,  lxxxdc,  213. 
Haas,  op.  cit.^  19 10,  lxxxex,  403. 

Smith,  op.  cit.y  19 10,  xc,  812. 
'  See  also  Ingalls,  Eng.  Min,  /.,  1910,  xc,  14. 
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the  finished  products  which  are  in  transit  or  have  not  been  sold,  or  for  which, 
even  when  sold,  the  usual  thirty  days'  time  for  payment  has  to  be  awaited,  and 
lastly  for  the  payment  of  wages  and  salaries. 


Table  252. — Costs  of  Some  Metallurgical  Plants 


Character  of  plant 


Capacity  in  24  hours 


Iron  blast-furnace 

Acid  Bessemer  with  4  cupolas  and  hot 

metal  reservoir. 
Acid  open  hearth,  ten  50- ton  furnaces . 
Basic  open  hearth,  ten  50- ton  furnaces 
Rolling  mill 

Copper  smelting  and  converting 

Lead  smelting 

Parkes  desilverizing 

Moebius  electrolytic  parting 

Electrolytic  copper  refining,   multiple 

process 
Zinc  smelting 


300  tons  of  pig  iron 

2,000  tons  of  steel 

1,000  tons  of  steel 

1 ,000  tons  of  steel 

Starting  with  ingots  20  in.  square, 
weighing   about    5,000   lb.,    con- 
sisting of  36-in  blooming  mill  and 
28-in.  structural  mill. 

Partial  pyritlc  smelting  of  1,000 
tons  of  ore  to  100  tons  of  45  per 
cent,  matte. 

500  tons  of  mixed  lead  ore 

100  tons  of  lead  bullion 

30,000  oz.  dor6  silver 

100  tons  of  copper,  casting  anodes 
and  refining  cathodes. 

100  tons  of  blende,  not  making  sul- 
phuric acid. 


Cost 


$  650,000 
900,000 

1,500,000 

1,650,000 

1,250,000 

to  1,500,000 


1,250,000 


250,000 

250,000 

20,000 

500,000 

375,000 


The  amount  of  funds  necessary  for  ores  will  vary  greatly  if  mine  and  metal- 
lurgical plant  belong  to  the  same  company  and  are  so  situated  that  regular 
deliveries  can  be  counted  upon,  or  if  the  reverse  is  the  case.  In  the  nulling  of 
precious-metal  ores  and  the  smelting  of  many  copper  ores  of  the  United  States 
there  is  a  close  proximity  of  mine  and  reduction  works;  with  lead  and  iron 
ores  this  is  not  usual.  A  mine-plant,  as  e.g.,  the  smeltery  of  the  Anaconda  Cop- 
per Mining  Co.,  will  not  carry  in  stock  as  large  an  amount  of  ore  per  ton  of  prod- 
uct as  will  a  silver-lead  custom-plant  in  Colorado  or  Utah  which  receives  its  ore 
from  long  distances,  and  has  to  have  on  hand  a  stock  for  about  four  weeks.  A 
lead  plant  will  carry  relatively  less  ore  than  an  iron  smelting  plant  in  the  Central 
Western  states  treating  ore  from  Lake  Superior;  the  latter  must  stock  up  with 
ore  to  last  during  the  closed  season  of  navigation,  that  is,  for  5  or  6  months.  This 
is  not  the  case  in  Alabama  where  ore,  flux  and  fuel  occur  in  dose  proximity. 
The  working  capital  necessary  for  a  plant  will  vary  therefore  not  only  with  the 
kind  and  quantity  of  ore  treated,  but  also  with  the  location  of  the  "works.  Con- 
servative companies  lay  by  funds  in  times  of  prosperity  in  order  to  have  abundant 
working  capital  for  unfavorable  periods.  If  their  affairs  have  to  be  wound 
up,  nearly  the  full  value  o(  iVve  ^joxkm^  capital  can  be  realized. 
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The  corporation  is  managed^  and  controlled  by  the  board  of  the  directors 
which  is  elected  by  the  stockholders.  The  necessary  officers  of  the  board,  are 
the  president,  secretary  and  treasurer  who  are  chosen  by  the  board  of  directors. 
The  president  is  the  executive  head  of  the  board;  the  secretary  has  charge  of  the 
corporate  records,  and  the  treasurer  of  the  corporate  funds.  These  three  offices 
may  be  held  by  one,  two  or  three  persons  depending  upon  the  laws  of  the  state 
and  the  by-laws  of  the  corporation.  The  board  which  meets  at  given  periods 
of  time,  or  the  president  under  its  authority  or  the  authority  of  the  by-laws 
appoints  the  general  manager  of  the  works  to  take  general  charge  of  the  technical 
and  financial  affairs  of  the  plant;  he  has  his  headquarters  at  the  plant,  and  is 
responsible  to  the  board  alone. 

The  work  of  a  metallurgical  establishment  is  conveniently  assembled  under 
the  two  divisions,  the  operating  and  the  administrating  departments. 

The  operating  department  is  in  the  charge  of  a  superintendent.  In  a  small  plant 
the  offices  of  general  manager  and  superintendent  may  be  combined  in  one  per- 
son. The  superintendent  has  to  do  the  planning  and  supervising  of  everything 
pertaining  to  the  technical  workings  of  the  plant.  In  small  works  the  superin- 
tendent is  usually  also  the  metallurgist  who  knows  the  theory  and  practice  of 
the  processes  that  are  employed.  The  metallurgist  will  have  foremen  to  look 
after  the  different  kinds  of  work  in  the  plant,  and  to  take  charge  of  the 
skilled  (inside)  and  unskilled  (outside)  labor;  he  will  have  a  chemist,  or  as- 
sayer,  to  make  the  routine  chemical  determinations  and  carry  on  some  investiga- 
tions when  they  are  necessary,  and  lastly  he  will  have  a  mechanical  division 
which  will  include  mechanics  and  perhaps  the  constructing  engineer  and 
draftsman. 

In  larger  plants  the  superintendent  will  have  the  technical  supervision  of 
the  several  departments,  each  of  which  will  be  in  direct  charge  of  an  assistant 
superintendent. 

The  administrative  department  includes  the  divisions  of  buying,  selling, 
freighting  and  accounting.  The  materials  bought  are  of  two  classes:  ore, 
flux  and  fuel,  form  one,  and  stores,  chemicals  and  all  sorts  of  odds  and  ends  the 
other.  The  purchase  of  ore,  flux  and  fuel,  which  involves  a  judicious  outlay  of  a 
considerable  amount  of  money  and  thereby  governs  to  a  large  extent  the 
economic  success  of  the  plant,  will  be  in  the  hands  of  the  general  manager  or 
president.  The  buying  of  stores,  chemicals,  etc.,  may  be  looked  after  by  the 
chief  clerk  or  the  superintendent. 

In  the  purchase  of  ores  the  leading  considerations  are:  (i)  Kind  and  quan- 
tity of  metal  as  well  as  physical  and  chemical  form  in  which  it  k  present;  (2) 
kind,  quantity,  physical  and  chemical  forms  of  associated  metal;  (3)  character  of 
gangue;  and  (4)  size  of  ore. 

With  an  iron  ore  the  metal  is  always  an  oxide,  but  it  will  make  a  difference 
whether  the  mineral  is  magnetite,  hematite,  limonite  or  siderite.  The  percent- 
age of  iron  is,  of  course,  a  leading  consideration;  the  ore  may  contain  too  much 
P  to  come  within  the  bessemer  limit;  the  presence  or  absence  of  S,  Ti,  Mn  and 

*  Lang,  "Organization  of  Smelting  Enterprises,"  Min.  Sc,  Press  1913,  cvi,  585,  622. 
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other  constituents  will  have  an  important  influence  upon  its  value.  The  ganpe 
may  be  siliceous,  argillaceous  or  calcareous;  the  ore  may  be  hard  and  in  lumps,  or 
soft  and  in  a  very  fine  state  of  division. 

Ores  are  purchased  according  to  schedides  based  upon  the  actual  cost  of 
treatment,  the  desirability  of  the  ore  for  a  given  process,  and  other  special  con- 
siderations. In  the  purchase  of  iron,  lead  and  zinc  ores,  (less  so  with  copper 
ores)  schedules  are  made  up  annually  which  govern  in  a  general  way  the  prices 
that  have  to  be  paid.  With  fuel,  the  price  will  be  governed  in  part  by  the 
requirement  it  has  to  fulfil  to  meet  special  cases.  Thus  an  iron-blast  furnace 
man  will  have  to  look  closely  into  the  S-  and  P-content  of  his  coke,  while  the 
lead  and  copper  smelter  will  confine  his  attention  to  strength,  porosity,  fixed 
carbon,  volatile  matte,  percentage  of  ash  and  its  acid  or  basic  character. 
Fluxes  are  received  and  sampled  like  ores,  only  in  a  less  exacting  manner. 

The  selling  of  products  is  usually  attended  to  by  the  president  through  a 
broker,  commission  house  or  special  selling  agency  which  is  in  direct  conmiunica- 
tion  with  the  market  centers. 

A  special  knowledge  of  frfeight-tariffs  is  of  vital  importance  to  obtain  the 
supply  of  raw  material  and  delivery  of  product  at  the  lowest  rate  possible.  Thus, 
e.g.y  in  regard  to  certain  classes  of  low-grade  ores  which  under  normal  conditions 
could  not  be  mined  at  a  profit,  freight  rates  and  smelting  charges  may  have  to 
be  adjusted  to  leave  the  miner  a  profit,  and  thus  encourage  him  to  continue 
extracting  ore  with  the  hope  that  the  grade  will  improve  and  then  give  him  a 
greater  return.  Delicate  adjustments  of  this  character  are  often  in  the  hands  of 
special  officers. 

The  accounting  department y'^  in  charge  of  a  chief  clerk,  keeps  and  distributes 
costs  which  form  part  of  the  general  statement  of  profit  and  loss.  It  renders 
bills  for  sales  of  product  and  collects  amounts  due  and  handles  the  funds 
entrusted.  Another  duty  of  this  department  is  the  presentation  of  the  financial 
status  of  the  company  as  embodied  in  the  balance  sheet.  The  whole  forms  a 
complete  record  of  the  business  transaction  of  the  metallurgical  plant,  prepared 
in  such  a  way  as  to  permit  a  detailed  analysis  of  each  single  operation  or 
transaction. 

355.  Cost  Accounts. ^^ — The  purposes  of  cost  accounts  are  to  determine 
accurately  the  cost  of  ore-treatment  in  order  to  fix  intelligently  the  treatment- 
charge,  to  furnish  the  means  of  judging  of  the  efficiency  of  the  several  steps  in 
a  process  and  of  the  entire  process,  and  to  supply  the  data  for  analysis  of  the 
management  of  the  plant  as  a  whole. 

The  general  principle  followed  in  ascertaining  costs  is  to  make,  according  to 
a  general  schedule,  a  statement  of  cost  of  each  department,  process  or  step  in  a 
process;  to  assemble  these  into  a  total,  and  from  the  total  to  find  the  cost  of  the 
unit  of  product,  such  as  ounce  of  precious  metal,  pound  or  ton  of  base  metal. 

»  Cole,  W.  M.,  "Accounts,"  Houghton,  Miflflln  &  Co.,  Boston,  1908. 

Hatfield,  H.  R.,  "Modern  Accounting,"  Appleton  &  Co.,  New  York,  1909. 
«  "Cost  Data,"  in  Barr,  J.  A.,  "Testing  for  Metallurgical  Processes,"  Min,  and  Sc.  Press, 
San  Francisco,  19 10. 


ECONOMIC  CONSIDERATIONS  891 

The  total  cost  of  treatment  may  be  considered  as  being  composed  of  the 
prime^  the  general,  and  the  administration  costs. 

Prime  (or  flat,  actual,  direct)  cost  is  made  up  of  labor,  fuel,  material,  supplies 
and  repairs.  Under  material  is  classed  any  special  substance  that  is  regularly 
required  for  a  specific  operation;  e.g.,  the  zinc  necessary  in  the  Parkes  desilveriz- 
ing operation;  or  the  sulphuric  acid  in  the  vitriolization  department  of  an 
electrolytic  copper  refinery.  The  heading  supplies  include  tools  and  other 
incidentals  that  are  obtained  from  the  general  store-room  of  the  plant. 

General  cost  includes  the  share  the  special  operation  has  to  bear  of  the 
expenses  caused  by  interest,  motive  power,  cartage,  lighting,  foremen,  watch- 
men, miscellaneous  labor,  sampling,  chemical  laboratory,  etc. 

Administration  cost  includes  salaries,  expenses  of  office,  of  law,  of  advertis- 
ing, traveling,  purchasing,  shipping,  selling,  taxes,  rents,  and  some  miscellaneous 
items.  Each  department  of  the  plant  has  its  share  of  the  general  burden 
apportioned  to  it. 

Some  works  have  only  two  divisions,  prime  and  general  costs;  others  have 
more  than  three  heads  for  the  classification  of  the  whole  subject  of  cost. 

The  items  given  under  the  several  heads  are  not  a  complete  list,  nor  is  there 
any  general  fixed  rule  for  the  manner  in  which  the  items  are  to  be  classified.  As 
long  as  a  schedule  is  uniform  and  so  arranged  that  it  gives  the  inspecting 
person  a  clear  insight  into  the  details  of  cost,  it  fulfils  its  purpose. 
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AbW  tube  mill,  598 

A^Ar,  58 

Acheson  graphite,  375 

indirect-heating    resistance    fur- 
nace, 392 
Acid-egg,  709 

siphon,  711 
Accounting   department   of    metallurgical 

plant,  890 
Acoustic  pyrometers,  143 
Adams  improved  beehive,  245 
Administration  costs,  department  of  metal- 
lurgical plant,  889 
Aero  pulverizer,  609 

for  fuel  dust,  185 
A-frame,  gravity  stamp,  550 
Agitators,  714 
Air  delivered  to  furnace,  788 

-dried  peat,  158 
wood,  154 

exhausters,  763 

injectors,  763 

-lift  pump,  710 

required  for  combustion  fuel,  105 

-space  and  grate  area,  ratio  of,  327 

-supply,  747 

-valve,  hot-blast,  823 
Aitken  oven,  245 

repulsion  of  dust  by  hot  plate,  834 
Akerlund  gas-producer,  309 
Algoma  Steel  Co.,  charring  plant  224, 
Allentown  triplex  plunger  pump,  696 
AUophane,  342 

Allotropic  changes  in  metal,  6 
Alloys,  bibliography,  3 

constitution  of  binary,  34 

definition,  33 

general  properties,  60 

preparation,  58 
Allis- Chalmers,  cone  classifier,  612 
Alumina,  effect  of  silica  upon  fusibility,  343 
Aluminate  slags,  466 
Aluminum  silicates,  440 
Amalgamation  in  general,  510 

plate,  558 
Amortization,  887 
Amsler  gas-producer,  308 

stove,  822 
Anaconda,  blast  furnace  dust-chamber,  839 
Anderson,  bituminous  coal,  165 
Anions,  522 
Annealing,  502 

electric,  518 
Anode,  525 

Anodes,  soluble  and  insoluble)  529 
Anthracite,  178 
Antimonates,  100 


Antimonides,  83 

oxidizing  roast,  408 
Antimonites,  100 
Apparatus,  concentrating,  619 

determination  of  dust  in  gases,  833 

for  burning  gaseous  fuels,  338 

for  burning  liquid  fuel,  330 

for  burning  solid  fuel  323 
Appolt  coke  oven,  253 
ArAc,  58 

Arc- welding,  517 
Archer  oil  gas,  322 
Arents  siphon-tap,  478 
Argall  mechanical  roasting  furnace,  424 

42s 
Arkansas  Valley  smelter,  Monier  dust- 
flue,  842 
Arrastra,  569 
Arsenates,  100 
Arsenides,  81 

oxidizing  roast,  408 

reducing  smelting,  472 
Arsenites,  100 
Ash-content  and  size  of  anthracite,  180 

in  coal,  165 

in  coke,  235 
Atchison,  Topeka  and  Santa  F6  oil  burner, 

333 
Atomic  and  weight  per  cent,  of  alloys,  39 

Atomizer  oil-burners  proper,  ^^$ 

Atomizing  oil,  333 

Augur  end-cut  machine,  briquetting,  643 

Automatic  roasting  furnaces,  425 

Baare  forging  press,  682 
Bache  gas  producer,  308 
Bachmann  centrifugal  gas- washer,  866 
Back-knee  battery  frame,  552 
Bag-filter,  New  Jersey  Zinc  Co.,  852 
Bags,  filtration  of  fume,  848 
Baghouse,  851 

Lone  Elm  Works,  852 

Selby  Lead  Works,  853 
Baker  blower,  773 
Balaklala  smelter,  electric  condensation  of 

fume,  860 
Ball  mills,  589 

Balloon  dust-flue,  Tooele,  835 
Bartlett  and  Snow  Co.  dryer,  184 
Basket- type  suction  filters,  736 
Basse-Selve  crucible  furnace,  497 
Battery  frame,  gravity  stamp,  551 
Bauer  coke  oven,  256,  271-276  , 

Baumann  crucible  furnace,  496 
Bauxite  and  bauxite  brick,  368 
Beam-engines,  blowing,  787 
Beaum^  hydrometer,  505 


893 
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Bedson,  bituminous  coal,  165 
Beehives,  coking  in,  238 
Beehive  vs.  Retort-oven  in  Coking,  282 
Bellinger  blast- roasting  apparatus,  429 
Belt-driven  pumps,  696 

rolls,  541 
Bench    and    by-product    coke-oven    gas 

compared,  293,  294 
Bending  (forging),  680 
Benedict,  suspension  of  filter  bags,  855 
Berthclot,  testing  fuels,  161 
Bessemer  converter,  387 
Best  oil-burner,  334 
Bian  gas- washer,  869 
Bibliography  of  General  Metallurgy,  2 
Bicheroux  heating  furnace,  798 
Bi^trix  drying  furnace,  199 
Bildta  utomatic  feeder  for  gas-producer,  304 
Billow  oil-burner,  336 
Binary  alloys,  34 
Binder,  briquetting  ore  with,  634 
without,  629 

for  fuel  briquettes,  191 
Binding  power  of  coal,  170 
Bischof,  refractory  quotient,  347 
Bituminous  coal,  161 

coal  coke,  228 

shale,  180 
Blaisdell  pressure  filter,  731 
Blake  breakers,  536 
Blanton  cams,  561 
Blast,  481 

accessories,  792 

equalizer,  792 

furnace,  383-475 

the  smelting  process,  485 
smelting  operations,  486 

-gate,  793 

in  general,  762 

-pipe,  792 

-roast,  411 

roasting  apparatus,  429 
cfliciency,  431 
Blezingcr  recuperator,  800 
Blooming  mill,  three-high,  654 

two-high,  reversing,  651 
Blowers,  Baker,  773 

Connersville,  773 

rotary,  771 

Sturtcviint  impeller,  774 
Blowing  engines,  777 

cai)acity,  cfliciency,  787 

general  arrangement,  781 

hoiizontal,  783 

vertical,  785 

vertical-horizontal,  787 
Blowing  out  of  blast  furnace,  488 
Boctius  gas-producer  and  heating  furnace, 

707 
Boghead  coal,  180 
Boiling-points  of  metals,  25 
Bomb  for  determination  of  calorific  power, 

1 1  2 
Bone-ash,  370 
Booth  oil-burner,  334 
Boss,  gravity  stamj),  550 
Boudouard,  testing  fuels,  161 


Box  classifier,  615 
Boyd  brick  press,  638 
Brasque,  375 
Breakers,  536 

the  Blake,  s$6 

the  Dodge,  538 
Breuer-Schumacher  hydraulic  press,  684 
Bretherton,  hot- blast  from  waste  slag,  Cic 
Brick  chimney,  755 

examples,  759 

by  Henry,  Fall  River,  Mass,  759 

-press,  Boyd,  638 

and  plant,  Selby  Lead  Works,  636 

stoves,  814 
Brier-Hill  gas-washer,  865 
Briquette,  fuel,  189 

press  of,  Bilan,  204 

Couffinhall,  200 

Chisholm,  Boyd  &  White,  203 

Devillers,  204 

Dobson,  194 

Exeter,  197 

Fouquemberg,  202 

Loiseau,  204 

Mashek,  204 

Middleton,  203 

New  Jersey  Briquetting  Co.,  204 

Renfraw,  204 

Schlickeysen,  193 

Schorr,  196 

United  Gas  Improvement  Co.,  204 

Yealdon,  203 

Zimmermann,  204 
Briquetting  anthracite,  198 

bituminous  coal  ,198 

brown  coal,  196 

in  general,  628 

iron  ores,  644 

metal  scrap,  645 

non-ferrous  ores,  634 

ore,  629 

with  binder,  634 

peat,  193 
Brittleness  of  metal,  i6 

order  of,  16 
Brodie-Pachuca  tank,  718 
Bromides,  86 
Brown  agitating  tank,  717 

coal,  159 

briquetting,  196 
coke,  227 
proper,  160 

-deCamp  zigzag  filters  for  fume,  849 

mechanical  roasting  furnace,  424 
Bruce- Gayley  dry-air  blast,  830 
Bruckner  cylinder,  425 
Brunk  coke-oven,  271 
Bryan  roller  quartz-mill,  583 
Buffalo  steel  pressure  blowers,  770 
Burchard  on  lignite,  160 
Burger  gas-producer,  308 
Burning,  calcining,  402 

and  saving  by-products  in  coking,  2%^ 

fire-brick,  359 

fuels,  323 

pulverized  fuel,  328 
Buffalo  duplex  pump,  695 
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Buffalo     two-compartment      single-acting 
solid-plunger  pump,  694 

Burt  pressure  filter,  732 

Butte  reduction  works,  reinforced  cement 
dust  flue,  843 

B  utter s-Cassell  suction  filter,  739 

By-product  coke-oven  and  bench  gas  com- 
pared, 172,  293,  294 

By-products  of  retort  coke-oven,  conden- 
sation, 277 
in  coking,  burning  or  saving,  283 
recovery  from  charring,  216 

Cabot- Patterson  stove,  822 

Calcination  of  dolomite,  373 

Calcining,  burning,  402 

Calcium  (magnesium)  aluminum  silicates, 

447 

magnesium  silicates,  444 

manganese  silicates,  443 

silicates,  441 
Calculation  of  blast-furnace  charge,  484 

calorific  power,  108 
intensity,  122 
power  of  gaseous  fuel,  n8 

Cowper  hot-blast  stove,  826 

air  delivered  from  furnace-gas,  791 

hardness,  13 

pipe-stove,  810 

recuperator     in     Converse- DeSauUes 
zinc  furnace,  801 
Callender  electric  resistance  pyrometer,  144 
Calibration,    LeChatelier    thermo-electric 

pyrometer,  149 
Callow  tank,  616 
Calorific  intensity,  122,  124 

power,  107 
solid  fuel,  117 
gaseous  fuel,  ii8 
Calorimeter,  the  Emerson,  114 

Mahler,  112 
Cam,  gravity  stamp,  560 

shaft  pulley,  stamp  battery,  560 
Cambridge  Instrument  Co.  galvanometer 

149 
Cameron  steam-pump,  688 
Campbell,  bituminous  coal,  161 

classification  of  fuel,  173 

on  lignite,  160 

P  in  bituminous  coal,  167 
Canaris  gas-producer,  308 
Cannel  coal,  180 
Canvas  tables,  626 
Capacity  of  blast-furnace,  479 
bio  wing- engines,  787 

dry-crushing  rolls,  543 

rolls,  545 
Capital  of  establishment,  887 

working,  887 
Cappeau  mechanical  roasting  furnace,  424 
Carbides,  93 
Carbon  brick,  375 

burnt  to  CO  and  COa  (Ernst),  294 

electrodes,  393 

in  coke,  235 

as  a  refractory  material,  375 
Carbonates,  95 


Carbonized  fuels,  205 
Carborundum,  378 
Carmichael-Bradford  process,  412 
Carpenter,  bituminous  coal,  165 

freezing  of  moisture  in.  fume,  858 
Carrol  friction  block,  wire-drawing,  686   • 
Carr  disintegrator,  198,  605 
Cartaud,  5,6,  7,  8,  17 
Cassel- Butters  suction-filter,  739 
Cast-iron  grate,  324 
Caste,  Au-Te  alloys,  78 
Cathodes,  526 

Catlett,  P  in  bituminous  coal,  167 
Cells,  grouping  of,  528 
Cementation,  502 

furnace,  500 
Centrifugal  apparatus  for  flue  dust,  847 

fan,  766 

pump,  700 
Cermak-Spirek    automatic    roasting    fur- 
nace, 426 
Chamber  oil-burners,  336 

-press,  filter,  720 
Chambers  Bros,  augur  end-cut  machine, 

643 
Changing  direction  of  gas  current,  845 

Characteristics  of  solid  fuels,  164 

Charge  of  blast  furnace,  483 

Charring  in  general,  209 

in  heaps,  210 

and  ignition  temperatures  of  charcoal 

208 

plant,  Algoma  Steel  Co.,  224 

of  Cleveland  Cliff  Iron  Co.,  216 

in  retorts,  221 

stages,  212 

in  stalls,  214 

Checker-brick,  hot-blast  stove,  822 

Chemical  properties  of  metals,  30 

analyses  of  American  fire-clays,  345 

coals,  176,  177,  183 

of  anthracite,  178,  179 

of  bauxite,  369 

of  bituminous  shale,  180 

of  bone-ash,  370 

Brown  coal,  162,  163 

of  cannel  coal,  180 

of  carbon  brick,  376 

of  coal-ash,  166 

of  coal     and    coke    (Semet-Solvay 

plant),  27s 

of  changes  of  coal  in  beehive  oven,  243 

of  charcoal,  209 

of  chrome-brick,  375 

of  chromic  iron  ore,  374 

of  dolomite,  373 

of  European  fire-clays,  346 

of  fire-brick,  364 

of  gas  from  beehive  coking-oven,  241 

of  gas  from  heap  of  charring  wood, 

213 

of  gaseous  fuels,  290 

of  gases  from  retort  coke-oven,  249 

of  German  peat-charcoal,  226 

of  graphite  crucibles,  377 

of  Heussler  alloys,  67 

of  Mond  gas,  314 
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Chemical  analyses  of  marl,  370 
of  natural  gas,  292 
of  occluded  gas  in  coal,  168 
of  oil  gas,  322 
of  peat,iS7,  158 
of  peat-ash,  159 
of  petroleum,  286,  287 
of  petroleum-coke,  288 
of  pitch,  191,  192 
of   producer  gas   from   bituminous 

coal  (without  steam),  296 
of  producer  gas  from  charcoal  or 

coke,  296 
of  bituminous  coal,  rational,  165 
of  raw  and  sintered  flue  dust,  633 
of  silica  brick,  368 
of  silicon,  92 

of  solid  fuels  (Grtiner),  152 
of  theoretical  producer  gas,  295 
of  European  coke,  ultimate,  235 
of  water  gas,  318 
of  wood- ashes,  155 
Chimney,  brick  and  steel,  754 
Chimneys,  747 

some  tall,  brick,  749 
Chisholm,  Boyd  and  White  briquette  press, 

203,  638 
Chile  mill,  578 
Chlorides,  83 
Chloridizing  roast,  414 
Chlorine,  neutralization  and  utilization  in 

gases,  883 
Chromite  and  chrome  brick,  373 
Circular  stall  for  charring  wood,  215 
Clack-valve,  blowing  engine,  779 
Classification  of  binary  alloys,  34 
of  fuel,  171 
of  pulp,  610 
of  silicates,  434 
Classifier,  Allis- Chalmers,  612 
computation,  618 
Dorr,  613 

Esperanza  drag,  615 
Forbes,  (3 15 
Gates,  611 
Nahl,  615 
Merrill,  612 
Nichols,  615 

shallow-pocket,  Richards,  613 
box,  615 
hydraulic,  611 
Cleavage  of  metal,  5 
Cleveland  Cliff  Iron  Co.,  charring  plant, 

216,  217 
Cleveland,  pipe-stove,  804 
Closed-mold  press  for  peat,  193 
-vessel  furnace,  385 
smelting  furnaces,  493 
Coagulation  of  slime,  507 
Coal  burnt  on  square  feet  grate  area,  326 
coke  and  oil  as  heating  fuels,  338 
fields  of  U.  S.,  182 
gas,  2Q3 
statistics,  181 
Coarse-crushing,  536 

-ore,  automatic  roasting-furnaces,  425 
roasting  kilns,  427 


Contzen  draft-gauge,  754 

CO  and  HjO,  reactions   (Gautier,    Blass, 

etc.),  297-298 
Cobb,  coal  ashes,  165 
Coeflicient  of  thermal  conductivity,  795 
Coffin  electric  welding,  517 
Coke,  228 

coal  and  oil  as  heating  fuels,  338 

properties,  229 

resistance  to  COj,  231 
Coking  box  of  wire,  171 

cause  of  169 

coal,  169 

coals  of  Appalachian  field,  172 

in  beehives,  238 

in  heaps,  237 

in  retorts,  245 

in  stalls,  238 

methods  compared,  281 

ovens,  classification,  237 
Cold-shortness,  17 
Cole  Chile  mill,  580 
Collin  coke-oven,  271 

Colloid  theory  of  plasticity  of  fire-clay,  351 
Colorado    Iron    Co.    Works,    continuous 

grinding  pan,  576 
Color  of  alloys,  60 

of  coke,  229 

of  metal,  4 

of  slags,  468 

scale,  138 
Combination  pan,  Fraser  and  Chalmers,  571 

M.  P.  Boss,  573 
Combustion,  104 

spontaneous  of  coal,  i68 
Commercial  sizes  of  anthracite,  179 
Comparison  of  filters,  746 

of  gas- washers,  876 

of  methods  of  coking,  281 
Compressed-air  water-lifters,  708 

fuel,  189 
Compressive  strength  of  bituminous  coal, 

165 
Computation  of  classifiers,  618 

of  silicate  degree  from  chemical  anal- 
ysis, 434 
Concentration,  critical,  46 

in  leaching,  509 
Concentrating  apparatus,  619 
Concentrator,  Johnston,  622 

Triumph,  62^ 
Concrete  foundation,  gravity  stamp,  550 
Condensation  of  by-products,  retort  coke- 
oven,  277 
dry  methods,  833 
of  fume,  dry,  833 
electric,  858 
wet,  860 
Conductivity,  electric,  521 
Conical  stall  for  charring  wood,  215 
Conjugate  solutions,  35 
Constitutional  diagram,  37 
Constitution  of  binary  alloys,  34 
Construction  of  blast  furnace,  480 

of  furnaces,  399 
Contact-radiation     system,     heat     trans- 
mission, 797 
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Continuous  coke  ovens,  277 

grinding  pan,  574 

kilns  for  chaxring  wood,  218 

Pachuca  tank,  718 

system,  leaching  (Rothwell),  719 
Contraction  of  alloys,  62" 

of  metals,  26 
Converse- DeSauUes  recuperator,  800 
Connersville  blowers,  773 
Converters,  386,  501 
Cooling-curve,  23,37 

ternary- alloy,  55 
Copp6e-Otto  coke-oven,  257 
Cooling  gas-current,  condensation,  833 

-pipes,  dust-flue,  837 
Cord,  wood,  153 

Cornu-LeChatelier  pyrometer,  140 
Corporation,  887 
Corrosion  of  alloys,  68 

of  metals,  31 
Costs,  891 
Cost  accounts,  890 

of  coking  in  beehive,  244 

of  metallurgical  plants,  888 

of  bench  and  by-product  coke-oven 
gas  compared,  293,  294 

of  metallurgical  plants,  888 
Cotton  bags,  filtration  of  fume,  848 
Cottrell,    electric    condensation   of    fume, 

858 
Counter   current   system,    heat   transmis^ 

sion,  800 
Coupling-box,  rolls,  670 
Cowper  hot-blast  stove,  calculation,  826 
Cowper-Kennedy  -stove,   central  combus- 
tion chamber,  820 
Crisfield,  bituminous  coal,  165 
Critical  concentration,  point,  temperature, 

46 

range,  58 
Crosby  draft-recorder,  754 
Crucible  of  blast-furnace,  478 

furnace,  385 

fired  with  gas,  500 
with  oil,  499 
with  solid  fuel,  493 
Crucibles,  graphite,  376 
Crusher,  the  Gates,  530 

hinged-hammer,  Williams,  608 
Crushers,  536 
Crushing,  coarse,  536 

fine,  547 

medium-size,  540 

ores,  534 

strength  of  metal,  15 
Crystallization  of  alloys,  60 

of  metal,  5 

in  leaching,  509 
Crystallizing,  501 
Crystolon,  378 
Cupolas,  blowers  for,  773-777 

fans  for,  770 
Current  density,  513 
Cutting,  680 

hardness,  13 
Cyanides,  88 
Cylinder,  blowing  engine,  778 

57 


Darrow-Hambric  table,  628 

Daubing- Roy  process,  drying  air,  830 

Davidsen  tube  mill,  598 

Dead-roasting,  407 

Decomposition  temperatures  of  carbonates, 

95 
sulphates,  99 

Dehne  diaphragm-pumps,  698 

filter  press,  723 
DeLaval  centrifugal  pump,  702 
DeLay-Carson,  reduction  of  SOj  to  S,  881 
Denver  Engineering  Works  tube  mill,  602 
Decrepitation  of  metallic  sulphides  upon 

heating,  403 
Deflocculated  graphite,  375 
Dehydration    temperatures    of    sulphates, 

98 
Dephosphorization  by  slag,  464 
Dell wik- Fleischer  water-gas  system,  320 
Denny  continuous  grinding  pan,  575 
Density  of  alloys,  60 

of  metals,  3 
Deposit,  character  of  electric,  528 
Deprez-d'Arsonval  galvanometer,  147 
DeSauUes- Converse  recuperator,  800 
Deschamps  gas  producer,  308 
Desulphurization  by  slag,  464 
Destructive  Distillation  of  wood,  206,  207 
Determination  of  calorific  power  of  fuels, 
III 
pf  gaseous  fuel,  119 

intensity,  124 
Diameter  of  roll,  668 
Diaphragm-pumps,  698 
Die,  gravity  stamp,  558 

-plate,  wire-drawing,  685 
Diffusion  of  gases  in  metals,  20 

of  metals,  20 
Dinas  brick,  366 

Dinnendahl  centrifugal  gas-washer,  871 
Direct-acting  hammers,  675 

pump,  single,  691 
Disc-fan,  765 
Dissociation  of  CO2,  HaO,  106 

electric,  521 
Disintegrator,  Carr  or  Stedman,  198,  605 
Distillation  of  bituminous  shale,  181 
Distilling,  502 

Divided  circuit,  electric,  523 
Dobson  peat-briquet  ting  machine,  144 

peat-dryer,  195 
Dodge  breaker,  538 
Dolomite  as  a  refractory  material,  370 
Donath,  on  lignite,  159 

testing  fuels,  161 
Dosch  draft-gauge,  754 
Double-acting,  single,  solid-plunger  pump, 

693 
-frame  Morrison  iiammer,  677 

Naysmith  hammer,  676 

grate-bar,  323 

horizontal  blowing  engine,  783 

-suction  centrifugal  pump,  702 
Douglas  mechanical  roasting  furnace,  427 
Dorr  classifier,  613 

continuous  thickener,  618 
Down-draft  blast-roasting  apparatus,  429 


898 


INDEX 


Draft,  inches  water  and  ounces  pressure,  752 

induced,  761 

mechanical,  761 

-power  of  chimney,  748 

-gauges,  753       ,  ^ 
Drawing-down  metal,  hammenng,  680 
Dra wing-in  metal,  rolling,  671 
Drawing  wire,  685 
Drooling  oil  burner,  333 
Drown,  organic  S  in  coal,  167 
Drum-type  filters,  744 

suction  filters,  736 
Dry-air  blast,  Daubin^-Roy,  830 
Gayley,  828 

-crushing  rolls,  540 

percentage  of  reduction  and  finished 
product,  544 

electrolysis,  531        ^ 

methods,  condensation,  833 
Dry-pan  for  preparing  fire-clay  mixture, 

356 

-pitch  process  of  briq netting,  200 

-pressing  brown  coal,  197 

process  for  making  brick,  359 
Dryer  for  crushed  bituminous  coal,  184 
Drying,  400 

air  by  refrigeration,  828 

air  with  calcium  chloride,  830 

fire-brick,  ^59 

furnace,  Bi^trix,  199 
Dobson,  19s 
Ductility  of  metals,  order  of,  17,  18 
Duff  water-seal  gas-producer,  303 
Durable,  on  lignite,  159 
Duplex  pump,  Buffalo,  695 
Durham  pipe-stove,  807 
Dust-catcher,  Roberts,  centrifugal,  834 
Dust  chamber,  Anaconda  blast  furnaces, 

839 
collectors,  857 

flue,   Arkansas  Valley  smelter,   rein- 
forced cement,  842 
building  materials,  844 
brick,  838 
catenary,  839-841 
enlarging,  845 
Monier  material,  841 
sheet-iron,  suspended,  835 
in  tunnel-head  gases,  864 
D  wight-Lloyd  process,  412 

blast-roasting  apparatus,  429 
sintering  process,  633 
Dynamos,  electro- metallurgical  work,  532 

Earthy  brown  coal,  160 
Economic  considerations,  887 
Edwards,  dust  flues,  843 

mechanical  roasting  furnace,  424 
Effect  of  form  of  C  upon  reduction  of  COj, 

301 
Efficiency  of  blast-roastmg  apparatus,  431 

of  blowing  engines,  787 

of  furnaces,  395 

of  gas-producers,  309 

thermal,  of  a  fire,  328 
Eggette-press,  203 
Ejector,  nozzle,  707 


Ejector,  steam,  706 
Electric  activity,  515 

condensation  of  fume,  858 

conductivity  of  alloys,  65 
of  metals,  29 

energy,  515  ^ 

furnaces,  classification  of,  380 

power,  source,  cost,  531 

pyrometers,  143 

resistance  of  metallic  oxides,  71 

resistance  pyrometers  143 

units,  513 
Electrochemical  equivalents,  524 

series  of  elements,  30 
Electrometallurgical  processes  and  appara- 
tus, 513 
Electromotive  force,  515 

of  alloys,  66 

calculation,  526 
Electrolysis,  dry,  531 

general  rules,  523 
Electrolytic  solution,  525 

plant,  530 

work,  520 
Ellison  draft-gage,  753 
El  Oro  tube  mill  lining,  596 
Emerson  calorimeter,  114 
Ems  mechanical  roasting  furnace,  424 
Engines,  rolling  mill,  670 
Enlarging  dust  flue,  845 
Epping- Carpenter,    double-acting,    single 

plunger  pump,  693 
Equalizer,  blast,  792 

Gjcrs,  hot-blast,  826 
Equilibrium  curve  C02-i-C  =  2CO,  300 

diagram,  37 
Equivalents,  electrochemical,  524 
Erdmann,  on  lignite,  161 
Erhardt-Schertcl,  fusion  pyrometers,  128 
Eutectic  (alloy),  angle,  line,  point,  ratio,  37 

hyper-,  hypo-,  38 
Eutectoid,  hyper-,  hypo-,  57 
Eutectic  times,  38 
Evaporation,  in  leaching,  509 
Ever-set  siphon,  712 
Eynon-Evans  steam  blower,  301 
Excess-gas  in  by-product  retort-coke  oven, 

248-252 
Exeter  briquette  press,  197 
Exhausters,  air,  763 
Expansion  of  allo>s,  62 
Expansion-joint,  blast-pipe,  793 
Expansion  of  metals,  26 

of  silica,  365 
Esperanza  drag-classifier,  615 

Falding  mechanical  roasting  furnace,  427 

Frame,  gravity  stamp,  551 

Fan-wheel,  767 

Fans,  765 

Faraday *s  laws,  523 

Fatigue  of  metal,  14 

Feed  of  dry-crushing  rolls,  543 

Feeding  the  blast-furnace,  487 

stamp  battery,  565 
Feldspar,  effect  on  fusibility  of  fire  clay, 

344 
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Ferrite  slags,  466 

Ferrous  metallurgy,  scope,  i 

V€vy  radiation  mirror-pyrometer,  142 

Filter-bags,  850 

-press,  720 

-surface  for  gases,  851 
Filtering-apparatus,  719 
Filters,  comparison,  746 
Filtration  of  fume,  848 
Fine-crushing,  547 

-ore  automatic  roasting  furnaces,  426 
roasting-kilns,  428 
Fire-brick,  leading  shapes,  354 

manufacture,  properties   and  laying, 

355 
Fire-bridge,  calculation  of  hollow  in  rever- 

bcratory  furnace,  798 

of  reverberatory  smelting-furnace,  490 
Fire-clay,  342 

used  in  other  than  brick  form,  363 
Firing  a  furnace,  325 
Flame  of  oil-burner,  338 
Flap-valve,  blowing  engine,  779 
Flattening  metal,  rolling,  671 
F16ne,    alum    shale  for  neutralizing  SOa, 

881 
Flow  of  metal,  17 

rolling,  647 
Flue-bridge    of    reverberatory    smelting- 
furnace,  492 
Flue-dust,  831 

centrifugal  apparatus,  847 

enlarging  flue,  845 

Freudenberg  plates,  845 

Koesing  wire-system,  846 

zig-zag  flue,  845 
Fluorides,  90 
Fluxes,  effects  upon  fusibility  of  fire  clays, 

344 

in  smelting,  432 
Fluidity  of  slags,  467 
Fouquemberg  briquetting  press,  202 
Foote-Lammond  stove,  822 
Forbes  classifier,  615 
Forchhammer,  use  of  oxychloride,  1 1 1 
Ford-Moncur  stove,  822 
Ford  pipe-stove,  805 
Fore-nearth  of  blast-furnace,  478 
Forge  hammers,  675 
Forging  with  hammers,  674 

with  hydraulic  presses,  681 
Forms  of  fuel  briquettes,  190 
Forter-Miller  gas-producer,  308 
Forter- Trump  gas-producer,  309 
Foundation,  gravity  stamp,  548 

rolling-mill,  665 
Fournet  series,  74 
Fox,  tube- mill  data,  603 
Frame-press,  filter,  720 
Francforter,  on  lignite,  159 
Frazer,  bituminous  coal,  165 
Francois- Rexroth  coke-oven,  257 
Frazer-Talbot  gas-producer,  307 
Frazer,  classification  of  fuel,  172 
Freezing-curves,  37 
Freezing  moisture  in  fume,  858 
Freezing-point  curve,  37 


Freiberg,  Richter  condensation  tower,  861 

water-cooled  lead  dust-flue,  835 
Frenier  spiral  sand  pump,  705 
Freudenberg  plates,  845 
Friedeberg    apparatus    for    burning    fuel 

dust,  187 
Friedrich     regenerator-recuperator     dust- 
flue,  844 
Fr^my,  testing  fuels,  161 
Front- helve,  675 

-Knee  battery  frame,  551 
Frue  vanner,  619 
Fuel,  104 

of  blast  furnace,  483 
briquette,  189 
dust,  183 
burners.  186 
burning  of,  327 
for  reverberatory  smelting  furnace, 

furnaces,  classification,  379 

heating  effect,  107 

industrial,  comparison  of  working,  340 

kindling  temperatures,  104 
Fuels,  apparatus  for  burning,  323 

proper,  151 
Fuller-Lehigh  pulverizer,  610 
Fume,  filtration,  848 

freezing  of  moisture,  858 
Furnace  cleanings  and  refuse,  886 
Furnaces,  379 

construction  of,  399 

electric,  classification,  380 

fuel,  classification,  379 
Fusibility  of  metals,  22 

silicate  slags,  438 

Galvanometer,  Cambridge  Instrument  Co., 
149 
continuously  recording,  150 
Deprez-d'Arsonval,  147 
Keiser-Schmidt,  148 
Leeds- Nor thrup  Co.,  150 
Siemens-Halske,  149 
Taylor  Instrument  Co.,  149 
Gangue,  effect  upon  oxidizing  roast,  406 
Garfield  smelter,  electric  condensation  of 

fume,  860 
Gary,  Ind.,  MtiUer  gas-washer,  868 

Zschocke  gas- washer,  868 
Gas  absorption  by  charcoal,  207 

current,  cooling,  condensation,  833 

retarding,  844 
for   reverberatory   smelting   furnace, 

492 
-producers,  299 
Bo^tius,  797 
Bulmahn,  299 
Duff  water-seal,  303 
Frazer-Talbot,  307 
Gr5be-L(irmann,  299 
Kitson,  307 
Morgan,  304 
Philadelphia  Engineering  Works  or 

Wellman,  302 
Swindell  water-seal,  303 
S  my  the  continuous,  304 
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Gas-producers,  Siemens,  302 
Taylor,  305 
Westinghouse,  299 
efficiency  of,  309 
-washer,  Lundin,  862 
-washers,  865 
comparison,  876 
Gaseous  fuel,  kindling  temperature,  339 
in  general,  289 
fuels,  apparatus  for  burning,  ZZ^ 
products,  metallurgical,  886 
Gases,  747 

diffusion  of,  in  metals,  20 
in  coke,  235 

occlusion  of,  in  metals,  20 
occluded  in  coal,  168 
purification,  831 
speed  in  dust-flue,  833 
Gate,  blast-pipe,  793 

cold-blast  valve,  824 
Gates  ball  mill,  592 
canvas  table,  626 
classifier,  611 
crusher,  539 
tube-mill,  602 
Gayley,  dry-air  blast,  828 
Gemund,    determination    dust    in    gases, 

833 
General  costs,  890 

metallurgy,  scope,  i 
Gibbs  equilateral  triangle,  54 
Gilpin  county  battery  frame,  532 
Giroux  hot-blast  top,  803 
Gjers  hot-blast  equalizer,  826 
Glance  coal,  161 
Globe  works,  bag-house,  855 
Gordon  piston-valve,  blowing-engine,  781 

three-pass  stove,  816 
Gould  rotary  pump,  699 
Goutal,  calorific  power,  no 
Graefe,  on  lignite,  160 
Grain-size  in  fire-clay,  350 
Graphite  as  refractory  material,  375 

crucibles,  376 
Grate  area,  coal  burnt  per  sq.  ft.,  326 

-bar,  323 

of  reverberatory  smelting  furnace,  490 
Gravity  stamps,  548 

stamps  vs.  rolls,  568 
Grecian  magnesitc,  371 
Grcenawalt  blast-roasting  apparatus,  429 
Grcsscr  curve,  rolling  metal,  673 
Gridiron-valve,  blowing  engine,  781 
Griffin  roller- mill,  585 
Grillo  roasting  furnace,  427 
Grinding-pans  vs.  tube-mills,  603 

work  of,  575 
Gripping  metal  in  rolling,  671 
Grondal  process,  630 
Grooves  in  rolls,  disposition,  669 
Grouping  of  cells,  528 
Grout,  classification  of  fuel,  174 
Guides,  gravity  stamp,  551 
Griincr,  classification  of  solid  fuels,  152 
Gruson  ball  mill,  500 
Guide  roasting  furnace,  427 
Guyed  steel  chimney,  758 


Haas  blast-roasting  apparatus,  429 

mechanical  roasting  furnace,  427 
Hagen,  sheet-lead  dust-flue,  837 
Halberge  filtering  plant,  856 
Haldy  coke-oven,  271 
Hall  aluminum  (direct-resistance)  furnace, 

388 
Halloysite,  342 

Hart  man- Kennedy  stove,  %22 

Hammers,  forging,  674 

Hammond  ore-feeder,  566 

Hand-briquet  ting  at  Port  Pine,  .635 

at  Santa  F6,  636 

raked  reverberatory  roasting  furnace, 

421 
Handling  metal,  rolling,  670 
Hardinge  conical  tube  mill,  602 
Hardness  of  coke,  231 

of  metal,  9 

of  slags,  468 
Hardness  numbers  compared,  12 
Harker,  flame  temperatures,  122 
Hayes,  bituminous  coal,  161 

oil-burner,  336 

on  lignite,  160 
Head,  gravity  stamp,  559 
Heap,  380 

horizontal,  for  wood,  211 

-roast,  416 

standing  circular,  for  wood,  211 
Heaps  and  stalls  for  charring  compared,  221 

coking  in,  237 
Hearth  accretions,  885 

furnace,  380,  474 

of  reverberatory  smelting  furnace,  400 
Heat  balance,  principle  of,  395 

conductivity  of  refractory   materials^ 

363 
of  formation  of  slags,  469 

transmission,  794 

-transmission,    contact-radiation    sys- 
tem, 797 
counter-current  system,  800 
recuperator  system,  800 

treatment,  502 
Heating    blast,    counter-current     system, 
pipe  stoves,  803 

electric,  518 

furnace,  Bicheroux,  798 
Boetius,  797 
Heats  of  formation  of  amalgams,  69 

of  antimonides,  ^^ 

of  arsenides,  83 

of  bicarbonates,  96 

of  bisulphates,  98 

of  bromides,  86 

of  carbides,  95 

of  carbonates,  96 

of  chlorides,  85 

of  copper,  68 

of  cyanates,  89 

of  cyanides,  89 

of  ferro- cyanides,  90 

of  fluorides,  91 

of  hydrides,  80 

of  hydrocarbons,  102 

of  hydroxides,  73 
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Heats  of  iodides,  87 

of  nitrates,  loi 

of  nitrides,  80 

of  oxides,  72 

of  phosphates,  100 

of  phosphides,  81 

of  selenides,  78 

of  silicates,  loi 

of  silicides,  93 

of  sulphates,  97 

of  sulphides,  76 

of  sulphites,  99 

of  tellurides,  79 
Height  of  blast  furnace,  477 

of  chimney,  748-750 
Helve-hammer,  675 
Hendryx  agitator,  714 
Hendy  challenge  ore-feeder,  565 
Hempel  centrifugal  apparatus  for  flue  dust, 

847 
Hemingway  oven,  245 

Herbertz  cupola,  383 

H^roult  arc-heating  furnace,  392 

Herrick  gas-producer,  308 

Heussler  alloys,  67 

Hilger  gas-producer,  309 

Hinged-hammer  crusher,  Williams,  608 

History  of  coal,  161 

of  metallurgy,  i 
Hobson,  hot-blast  pjyrometer,  135 
Hocking-Oxland  roasting  furnace,  425 
Hoffmann,  bituminous  coal,  165 

stir-tank,  714 
Hohenlohe  zinc  works,  lime  for  SOs,  880 
Hohmann  siphon,  712 
Hohmann-Maurer  draft-recorder,  754 

industrial  pyrometer,  125 
Homestake  mortar,  553 
Horizontal  blowing-engines,  783 

pug-mill   for   making   fire-brick    mix- 
ture, 358 

section  of  blast  furnace,  477 

-table  type,  suction  filters,  736 
Horn,  on  lignite,  159 
Horse-power,  ten-stamp  mill,  564 
Hot  blast,  Cowper-Kennedy  stove,  820 

examples,  minor,  822 

Faber  du  Faur,  803 

Giroux,  803 

Gjers  equalizer,  826 

Gordon  stove,  816 

Hugh  Kennedy  stove,  817 

Kiddie,  803 

Massick  and  Crooke  stove,  819,  820 

pipe  stove,  803 

valve,  825 

Whitwell  stove,  815 
Hot  blast  from  waste  slag,  810 
Housing,  rolling  mill,  665 
Howell- White  roasting  furnace,  425 
Hubendick,   determination  dust  in  gases, 

833 
Huessener  coke-oven,  271-276 

Hugh  Kennedy  one-pass  stove,  817 

Human    health,    permissible    sulphur    in 

gases,  879 

Humidity  table,  401 


Hunt  suction-filter,  742 

Huntington  centrifugal  roller- mill,  584 
-Heberlein  blast-roasting  pot,  429 
process,  411 

Hiittner-Scott  automatic  roasting  furnace, 
426 

Hydraulic  classifiers,  611 
presses,  forging,  681 

Hydrides,  80 

Hydrochloric     acid,     neutralization     and 
utilization  in  gases,  883 

Hydrometallurgical  apparatus   and   proc- 
esses, 504 

Hygroscopicity  of  coke,  231 

Hypereutectic,  hypo-,  ^% 

Hypereutectoid,  hypo-,  57 

Hyposulphites,  99 

Ignition  temperature,  gaseous  iuel,  339 
lies,  filtration  of  fume,  848 

speed  of  gases  in  dust-flues,  833 
Impact  pulverizers,  605 
Impeller  blower,  Sturtevant,  774 
Indentation  hardness,  10 
Induced  draft,  761 

Ingalls,  speed  of  g'ases  in  dust  flues,  833 
Injector  oil-burners,  336 

steam,  706 
Injectors,  air,  763 
Insoluble  and  soluble  anodes,  529 
Inspirator,  steam,  706 
Intermetallic  compound,  35 
Intermittent  siphon,  712 
Iodides,  87 
Iron  blast  furnace  gas,  315 

-calcium  silicates,  455 

ores,  briquetting,  644 

silicates,  454 
Ironing  of  reverberatory  smelting  furnace, 

492  , 
Irregularities  in  the  blast  furnace,  488 
Irreversible  transformation,  57 
Isabella  furnace,  dry- air  blast,  829 

Jaggar  microsclerometer,  13 

Jameson  oven,  245 

Jeffrey  swing-hammer,  607 

Jet-pump,  steam,  706 

Johannsen,  determination  dust  in  gases,  833 

Johnston  concentrator,  622 

Joule's  law,  516 

Junkers  calorimeter,  119 

Jiiptner,  calorific  power,  no 

Kamp  &  Co.,  hydraulic  press,  683 
Kaolinite,  342 

effect  of  silica  upon  fusibility,  343 
Kations,  522 

Keep  hardness  testing  machine,  13 
Keiser-Schmidt  galvanometer,  148 
Keller  mechanical  roasting  furnace,  424 
Kelly  pressure- filter,  733 
Kennedy,  Hugh,  one-pass  stove,  817 
Kent,  calorific  power,  112 
Kernel  roasting,  408 
Kettle,  melting,  500 
Kiddie  hot-blast  system,  803 
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Kiln,  386 

for  burning  fire-brick,  359 
Kimball,  fixed  S  in  bituminous  coal,  167 
Kindling  temperature  of  coke,  236 

of  fuels,  104 

gaseous  fuel,  339 
Kjellin  induction  furnace,  389 
Kirkwood  oil-burner,  336 
Kitson  gas-producer,  307 
Kittle  oil-burner,  337 
Klein  on  lignite,  160 
Klepetko  gas-producer,  309 
Kloman  stove,  822 
Kiln,  roasting  427 

Knietsch,  catalysis  in  oxidizing  roast,  405 
Koerting,  exhauster,  763 

jet-blower,  763 

steam-siphon,  707 

and  Schutte  wet  condenser,  862 
Koppers  coke-oven,  269 
K5rting  mechanical  oil-burner,  332 
Kreisinger,  on  lignite,  159 
Kros  coke-oven,  271 
Krupp  ball  mill,  590 

hot-blast  pyrometer,  135 

tube  mill,  599 
Krusell  vaporizer,  33 1 
Kubierschky  gas- washer,  869 
Kupper  gas  producer,  309 

Lamond  gas- washer,  866 

Lane  mill,  583 

Lang,  hot-blast  from  waste  slag,  810 

Langen  pipe-stove,  810 

underfed  step-grate,  327 
Latch-finger,  gravity  stamp,  560 
Latent  heat  of  fusion  of  slags,  469 

of  metals,  24 
Laurent  montejus,  710 
Law,  permissible  sulphur  in  waste  gas,  877 
Laying  of  fire-brick,  355 
Lead  paint,  sublimed,  853 
Leadville,  Richtcr  condensation  tower,  861 
Leaching,  method  of,  506 

vessel,  508 
LeChatelier,  P  in  bituminous  coal,  167 

thermoelectric  pyrometer,  145 

-Cornu  optical  pyrometer,  140 
Lee,  dust  flues,  843 

Leeds-Northrup  Co.  galvanometer,  150 
Lencauchcz  gas  producer,  308 

recuperator,  800 
Lever-hammer,  675 
Lewes,  bituminous  coal,  165 
Length  of  roll,  plotting.  668 
Lengthening  metal,  rolling,  671 
Liebig-Eichhorn  roasting  furnace,  427 
Lignite,  159 

coke,  227 
Lime  as  a  refractory  material,  370 

neutralization  of  SOj,  880 
Limestone  neutralization  of  SO2,  880 
Li  me- roast,  411 
Liquating,  501 
Liquation  trough,  380 
Liquid  fuel,  apparatus  for  burning,  330 

fuels  in  general,  284 


Liquid  fuel,  products,  metallurgical,  886 

Liquids,  moving,  687 

Liquidus,  37 

Livermore  automatic  roasting  furnace,  426 

Lixiviation  in  general,  504 

Ljunberg    continuous    kiln    for    charring 

wood,  219 
Lomax,  bituminous  coal,  165 
Lone  Elm  Works,  baghouse,  852 
Long-crosshead,  blowing-engine,  785 
Loomis-Pettibone  producer  for  water-gas, 

318 
Loss  of  heat  by  radiation,  796,  797 

in  dust  flues  through  building  mate- 
rials, 844 
Lotharingian  gas-washer,  865 

pipe-stove,  810 
Lilrman,  calorific  power,  112 

continuous  coke-oven,  277 
Ludwig,  isotectic  lines  of  refractory  clays, 

347 
Lundin  gas- washer,  862 

Luster  of  coke,  229 

of  metal,  4 

MacDougall  mechanical  roasting  furnace, 

428 
Mackey-Seymour  coke-oven,  276 
Magnesia  as  a  refractory  material,  370 
Magnesite,  370 
Magnetic  permeability  of  alloys,  67 

of  metals,  30 
Mahler  bomb,  112 
Maletra  shelf-burner,  428 
Malleability  of  metals,  order  of,  17 
Management  of  corporation,  889 
Mannesmann  rolls,  647 
Manufacture  of  bauxite  brick,  369 

of  chrome  brick,  374 

of  fire  brick,  355 

of  magnesite  brick,  371 

of  silica  brick,  366 
Marcilly,  testing  fuels,  161 
Marl,  370 

Martins,  determination  dust  in  gases,  833 
Massick    and    Crooke    four-pass    stoves, 

819,  820 
Mathiesen  and  Hegeler  mechanical  roast- 
ing furnace,  427 
Matte,  884 

converter,  388 
Meade  montejus,  710 
Mechanical  draft,  761 

metallurgical  operations,  534 

sprayers  of  oil,  332 

treatment  of  metal,  646 
Mechanically   raked  reverberator>'    roasting 

furnace,  422 
Medium-sized  crushing,  540 
Meiler  for  charring  wood,  210 
Melting,  474 

-point  curve,  37 
of  fire-day,  344 

-points  of  metals,  22 
Mendenheim  kiln,  361 
Merrill  classifier,  612 

filter  press,  726-729 
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Merton  mechanical  roasting  furnaces,  424 
Messiter,  on  reinforced  cement,  dust  flues, 

842       _      ^ 
Messier,  determination  dust  in  gases,  833 
Mesur6-Nouel  pyrometer,  138 
Metal,  as  a  refractory  material,  378 

handling  in  rolling,  670 

mechanical  treatment,  646 

reduction  in  rolling,  671 

rolling,  646 

scrap,  briquetting,  645 
Metallic  oxygen  salts,  95 

salts  fusion-pyrometers,  1 28 

sulphides,   decrepitation   upon  heating, 

403 
ignition  temperatures,  404 
oxidizing  roast,  403 
Metallurgical  plants,  cost,  888 

products,  884 
Metallurgy,  definition,  i 

general,  bibliography,  2 
Metals,  allotropic  change,  6,  7 

brittleness,  16 

chemical  properties,  30 

cleavage,  4 

color,  4 

contraction,  26 

corrosion,  31 

crystallization,  4 

definition,  i 

density,  3 

diffusion,  20 

electric  conductivity,  29 

expansion,  26 

flow,  17 

fusibility,  22 

hardness,  9 

latent  heats  of  fusion,  24 

luster,  4 

magnetic  permeability,  30 

odor,  4 

plasticity,  16 

properties,  3 

specific  heat,  27 

structure,  7 

strength,  14 

thermal  conductivity,  28 

toughness,  16 

volatility,  24 

welding  power,  19 

transparency,  4 
Methods  of  coking  compared,  281 

of  firing  a  furnace,  325 

of  leaching,  506 
Microphotograph  of  coke,  230 

of  spruce  charcoal,  208 
Middleton  briquette  press,  203 
Miller  gas-producer,  308 
Mineraus,  conductance,  514 
Mixers,  714 
Modes  of  coking,  236 
Modified  beehive-ovens,  244 
Mohs  scale  of  hardness,  10 
Molding  of  fire-brick,  358 
Mond  gas,  314 

Monier  material,  dust-flue,  841 
Montejus,  709 


Moore  stove,  822 

suction-filter,  736 
Morgan  gas-producer,  304 
Morrison  hammer,  677 
Morris,  submerged  vertical  centrifugal  pump, 
701 

suction  vertical  centrifugal  pump,  702 
Mortar-block  gravity-stamp,  548 

stamp  battery,  553 
Motor-driven  pumps,  696 
Mold  press,  641  , 

Moimd  for  charring  wood,  210 
Moving  liquids,  687 
Muck,  bituminous  coal,  161 
Muffle-furnaces,  385,  500 

-roasting  furnaces,  426 
Mullen  gas- washer,  867 
M tiller  coke-oven,  271 
Murray  smelter,  bag-house,  855 
Myjers,  gas-washers,  869 

Nacozari,  water-gas  at,  318 

Nagle-Kaemp  filter  for  fume,  857 

Nahl  classifier,  615 

National  Metallurgic  Co.,  nodulizing  plant, 

632 
Natural  draft,  747 

gas,  291 

solid  fuels,  151 
Naysmith  hammers,  676 
Needle-structure  of  beehive  coke,  242 
Nehse  recuperator,  801 
Ndlson,  hot-blast,  803 
Nelson  stove,  822 

Neudori  lead  works,  wet  condensation,  863 
Neutralization  of  CI  and  fICl  in  gases,  883 

of  S0|  in  gases,  Sprague,  849 

of  SOi  with  lime,  limestone,  880 

of  sulphurous  gases,  877 
New  Jersey  Zinc  Co.  bag-filter,  852 

dust  catcher,  835 
Newton-Chambers  oven,  245 

mortar,  554 
Nichols  separator  tank,  615 
Niles-Bement-Pond  Co.  filter  press,  722 
Nitrates,  100 
Nitrides,  79 
Nobel  vaporizer,  330 
Nodulizing  process,  631 
Non-ferrous  metallurgy,  scope,  i 

ores,  briquetting,  634 
Non-silicate  slags,  463 
Nordennsori  gas  producer,  309 
Nose-helve,  675 

O'Brien  dust  collector,  857 

mechanical  roasting  furnace,  428 
Occlusion  of  gases  in  metals,  20 
Odor  of  metal,  4 
Ohm*s  law,  516 
Oil  as  fuel,  288 

coal  and  coke  as  heat  fuel  fuels,  338 

city  oil-bumer,  337 

fields  of  the  U.  S.,  285 

for  reverberatory  smelting  furnace,  492 

-gas,  322 
Oliver  continuous  suction  filter,  744 
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Omaha,  Brown-DeCamp   zigzag   filters   for 
fumes,  849 

suspended  dust  flue,  835 
Open-mold  press  for  peat,  193 
Operating  department  of  metallurgical  plant, 
889 

hammers,  679 
Optical  pyrometers,  137 
Ordinary  charcoal,  properties,  207 

draft-gauge,  753 
Ore,  briquetting,  629 

crushing  of,  534 

-feeder,  stamp  battery,  565 

in  general,  103 

valuation  of,  103 
Organic  matter  in  fire-clays,  347 
Osmotic  pressure,  525 
Otto  coke-oven,  265 

-Hilgenstock  coke-oven,  265 

-Hoffmann  coke-oven,  261 
Oxide  slags,  465 
Oxides,  71 

reducing  smelting,  470 
Oxidizing  of  metallic  As-,  Sb-,  Se-  and  Te- 
ides,  408 

roast  of  metallic  sulphides,  403 

smelting,  473 
Oxygen  required  for  perfect  combustion,  106 

Pachuca  agitating  tank,  717 

Palmarejo  agitator,  715 

Pan  vs  tube  mill,  577 

Pans,  570 

Poppet-valve,  blowing  engine,  779 

Parker,  bituminous  coal,  161 

on  lignite,  160 
Parkes  mechanical  roasting  furnace,  424 
Parr,  bituminous  coal,  165 

classification  of  fuel,  1 74 
Parral  tank,  719 
Parts  of  blowing  engine,  778 

of  rolling  mills,  665 
Passes,  rolls,  666 
Patent  fuel,  18^ 

Pearce  mechanical  roasting  furnace,  424 
Peat,  156 

briquctting,  193 

charcoal  (coke),  225 
Pebbles  for  ball  mills,  597 
Perfection  dust  collector,  857 
Permissible  sulphur  in  waste  gas,  877 
Perrin  &  Co.  filter  press,  724 

frame  press,  725 
Pennsylvania  R.  R.  oil-burner,  337 
Percy,  testing  fuels,  161 
Periodic  system,  31 
Pernolet  oven,  245 
Petroleum,  284 

coke,  288 
Phillips,  on  lignite,  159 
Philadelphia    Engineering    Works   gas   pro- 
ducer, 302 
Pholerite,  342 
Phosphate  slags,  464 
Phosphates,  100 
Phosphides,  80 
Phosphorus  in  coal,  167 


Phosphorus  in  coke,  236 

m  wood-ash,  154 
Physical  properties  of  coke,  232 
Piat-Baumann  crucible  furnace,  498 
Piat  crucible  furnace,  495 
Pietzka  recuperator,  800 
Pink>ns,  rolls,  669 
Pintch  gas,  322 
Pipe  oil-burner,  334 
Pipe-stove,  803 

calculation,  810 

dust  flue  N.  J.  Zinc  Co.,  835 
Piston,  blowing  engine,  778 
Pitch  as  binder  for  fuel  briquette,  191 

coal,  161 
Pitot  tube,  measurement  of  air,  789 
Plant  of  Dell  wick-Fleischer  water-gas  system, 
321 

the  electrolytic,  530 
Plants,  behavior  with  sulphurous  gases,  877 
Plasticity  of  alloys,  62 

of  fire-clay,  351 

of  metal,  16 
Plate- mill,  three-high  (Lauth),  660 

two-high,  reversing,  two-stand,  650 
Plates  of  Freudenberg,  845 
Plunger-pumps,  692 
Poetter  coke-oven,  271 
Pohl6  air-lift  pump,  710 
Point,  critical,  46 
Polymorphism,  58 

Portland  continuous  suction-filter,  746 
Potassium  silicates,  439 
Pot-roast,  411 
Ponsard  recuperator,  800 
Power  fan,  volume  and  pressure  of  blast,  768 

reauired  for  tube-null,  598 

rolling  mills,  664 

stamp  mill,  563 
Precipitation  in  leaching,  509 
Preheating  air,  794 

Press  and  plant,  Chisholm,  Boyd  &  White 
Co.,  638 

H.  S.  Mould  Co.,  641 
Pressure  and  volume  of  blast,  power  of  fan, 
768 

-filters,  731 
Primary  and    secondary   electric  reactions, 

529 
Prime  costs,  891 

Producer  for  water-gas,  316 

gas,  294 
Products,  metallurgical,  884 

of  by-product  coke-oven,  278 

from  retort  coking-oven,  248 
Progress  of  coking  in  retort-oven,  246 
Projector  oil-burners,  337 
Prop,  gravity- stamp,  560 
Propeller-fan,  765 
Properties  of  alloys,  60 

of  fire-brick,  355,  361 

of  petroleum,  285 
Prost,  fusibility  coal-ash,  165 
Prott-Seelhoff  pneumatic  accumulator,  682 
Pug-mill  for  making  fire-brick  mixture,  357, 

358 
Pulp,  rolled  and  stamped,  screen  analysis,  567 
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Pulverizer,  Fuller-Lehigh,  610 

Aero,  609 
Pulverized  fuel,  183 

burning  of,  328 
Pump,  reciprocating,  688 
Pundiing,  680 
Pulsometer,  707 
Puppet  hot-blast  valve,  825 
Purification  of  gases,  831 
Pyroligneous  acid,  206 
Pyrometallurgical  processes,  379 
Pyrometer,  Callender,  electric  resistance,  144 

calorimctric,  Siemens,  133 

Cornu-LeChatclier,  140 

Erhardt-Schertel,  128 

expansion,  125 

F6ry  radiation  mirror,  142 

fusion,  127,  128 
metallic  salts,  128 
Seger  cones,  129 

Hobson  hot-blast,  135 

Hohmann-Maurer,  125 

Krupp,  hot-blast,  135 

LeChatelier,  thermoelectric,  145 

Mesur^-Nouel,  138 

optical,  scales  of  Howe,  Pouillet,  White- 
Taylor,  138 

Siemens,  electric  resistance,  144 

Uehling-Steinbart,  136 

Wanner,  141 

Wiborgh,  125 

(thermophone),  143 
Pyrometry,  124 

Quartzite,  366 

Quartcrnary  alloys,  $6 

Quantity  of  electricity,  514 

Quenching,  502 

Quick  revolving  atomizing  gas- washers,  871 

Rabble-arm    for    mechanical    straight    line 

roasting  furnace,  423 
Radiation,  loss  of  heat,  796, 797 

pyrometers,  142 
Rainey  oven,  245 
Randall,  on  lignite,  159 
Rankin  and  Ludington  wire-drawing  machine, 

686 
Rational  analysis  of  bituminous  coal,  165 

of  fire-clay,  348 

and  ultimate  analysis  of  fire  clay,  349 
Raw  material  for  leaching,  504 
Raymond  four-roller  mill,  585 

impact  pulverizer  for  fuel  dust,  185 
Reactions,  electric,  primary  and  secondary, 

529 
Rebounding  hardness,  11 
Recalescence,  57 

Recuperator  system,  heat  transmission,  800 
Reciprocating  pumps,  688 
Recording  galvanometers,  150 
Rectangular  stall  for  charring  wood,  215 
Red  charcoal,  206 

-shortness,  17 
Reducing  roast,  410 

smelting,  470 
Reduction  of  magnesia  by  carbon,  370 


Reduction  of  metal,  rolling,  671 

of  SOs  to  S  in  roasting  gases,  881 
Reed  oil-burner,  335 
Refractory  materials,  341 

heat  conductivity,  363 

thermal  conductivity,  796 

quotient  of  fire-clay,  347 
Refrigeration,  drying  air  by,  828 
Regenerative    and    non-regenerative    retort 

coke  ovens,  283 
Regenerator  In  blast  furnace,  814 

in  reverberatory  furnace,  811 

-recuperator  dust  flue,  Friedrich,  844 
Regenerators  as  vaporizers  of  oil,  332 
Reinforced  cement,  dust-flues,  842 
Replacement    iron-calcium — silicate    consti- 
tuents by  MnO,  MgO,  BaO,  ZnO, 
AI2OS,  459 
Repulsion  of  dust  by  hot  plate,  834 
Residual  clays,  351 
Resistance,  electric,  514 

of  fire-clay  to  fluxes,  351 
Retarding  gas  current,  844 
Retort  coke  ovens,  Appolt,  253 

Bauer,  256 

Copp6e-Otto,  257 

Francois-Rexroth,  257 

Koppers,  269 

Otto,  265 

-Hilgenstock,  265 
-Hoffmann,  261 

Schniewind  or  United  Otto,  266 

Semet-Solvay,  273 

Simon-Carvis,  272 

Smet-Otto  (1906),  269 
-BUttgenbach,  271 

United  Otto,  (1906),  269 

horizontal   chambers,    horizontal   flues, 
271 
vertical  flues,  257 

vertical  chambers,  253 
Retort  furnace,  500 
Reverberatory  furnace,  384 

roasting,  419 

smelting,  489 

charge  and  process,  493 

direct  fired,  489 

fired  with  fuel  dust,  oil,  gas,  492 
Reversible  transformation,  57 
Rhenania  roasting  furnace,  427 
Richards  shallow  pocket  classifier,  613 
Richter  condensation  tower,  861 

on  lignite,  159 
Roast,  blast,  411 
Ridgway  suction-filter,  740 
Rigid  rolls,  542 
Rittinger  spitzkasten,  616 
Roast,  chloridizing,  414 

oxidizing,  403 

reducing,  410 

sulphatizing,  406 
Roasting  apparatus  in  general,  415 

furnaces  with  moving  hearths,  424 
with  revolving  cylinders,  425 

in  general,  403 

kiln.  386 

shaft  furnace,  383 
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Roberts  dust-catcher,  834 
Rod-mill,  two-high,  non-reversing,  two- 
stand,  648 
Roentgen  rays,  bituminous  coal,  165 
Roesing  wire-system,  846 
Roitzheim,  speed  of  gases  in  dust  flues,  833 
Roller  mills,  578 
Rolling,  flow  of  metal,  647 

of  metal,  646 

-mill  engines,  670 
parts,  665 
power,  664 
Rolls,  540 

angle  of  nip,  543 

belt-driven,  541 

capacity,  543 

dry-crushing,  540 

vs  gravity  stamps,  568 

Mannesmann,  647 

passes,  666 

rigid,  542 

toothed,  542 
Roof  of  reverberatory  smelting  furnace,  491 
Roots  blower,  771 

Ropp  mechanical  roasting  furnace,  424 
Ross- Welter  mechanical  roasting  furnace,  424 
Rdssler  converter,  882 
Rotary  blowers,  771 

pumps,  699 

valve,  blowing  engine,  700 
Rothberg  coke-oven,  276 
Rothwell  continuous  system,  719 
Rousseau  crucible  furnace,  496 
Ruggles-Cole  dryer  for  crushed  coal,  185 
Ruppert  coke-oven,  271 
Russell,  repulsion  of  dust  by  hot  plate,  834 

Sabeck  method  of  making  rational  analysis  of 

fire-clay,  348 
Sahlin  gas-washer,  871 
Sand  pump,  Frenier,  705 
Savelsberg  process,  411 
Schafer,  S  in  bituminous  coal,  167 
Schlickeysen  briquetting  machine,  193 
Schiele-Brener  centrifugal  gas- washer,  872 
Schmatolla  recuperator,  800 
Schmidthammer  recuperator,  800 
Schniewind  coke-oven,  266 
Schroder-Hanisch  process,  liquid  sulphurous 

anhydride,  881 
Schuetze  montejus,  710 
Schumacher  process,  original  and  new,  644 
Schutte-Koerting  montejus,  710 
Schiitz  series,  74 
Schwarzkopf  recuperator,  800 
Scimatco  pyrometer,  141 
Scor  a  process,  645 
Swindell  water-seal  steam-blast  gas  producer, 

303 
Scratch  hardness,  9 

Screen  analysis,  pulp  from  dififerent  machines, 
568 
pan-ground  pulp,  576 
stamped  and  rolled  pulp,  567 
tube- mill  products,  603,  604 
sizes,  535 
Screens,  battery,  557 


Scrubber  plants  for  gas-washing,  861-864 
Sedimentary  clays,  351 
S^er  cones,  129 

refractory  quotient  of  fire-clay,  100 
Selenates,  100 
Selenides,  77 

metallic,  oxidizing  roast,  408 
Selenites,  100 
Selby  lead  works,  bag-house,  853 

electric  condensation  of  fume,  859 
Selling  of  products,  890 
Semet-Solvay  coke-oven,  273 
Sepulchre  gas-washer,  869 
Serpek  process,  79 
Shaft  furnace,  382 

furnace,  roasting,  413 
Shaking  of  filter  bags,  855 
Shape  of  blast  furnace,  475 
Shelby  oil-burner,  337 
Shoe,  gravity  stamp,    558 
Shore  scleroscope,  1 2 
Shouldering,  680 
Shrinkage  of  fire-clay,  352 

of  metal,  26 
Shriver  &  Co.  frame-press,  726 

filter  press,  724 
Siemens,  direct  arc-heating  furnace,  392 

electric  resistance  pyrometer,  144 
Siemens-Halske  galvanometer,  149 
Siemens  regenerator  system  in  blast-furnace, 
814 
in  general,  811 
in  reverberatory  furnace,  811 

water-pyrometer,  133 
Silica  and  siUca  brick,  365 

-sponge  filter,  736 

effect  of,  on  fusibility  of  fire-clay,  343 
Silicates,  loi 

aluminum,  440 

calcium,  441 
-manganese,  443 
-magnesium,  444 
-aluminum,  447 

iron,  454 

-calcium,  455 

-calcium,  replacement  of  constituents 
by  MnO,  MgO,  BaO,  AUO,,  459 

potassium  and  sodium,  439 
Silicate  slags,  433 
Silicides,  91 
Siloxicon,  377 
Silundum,  378 
Simmersbach,  inorganic  S  in  bituminous  coal, 

167 
Simon-Carv^  coke-oven,  272 
Simplex  coke-oven,  276 
Sinking  fund,  887 
Single-acting  solid-plunger  pump,  602 

two-compartment  solid  plunger  pump, 
694 

-frame  Naysmith  hammer,  676 

horizontal  blowing  engine,  783 

-stage  high-pressure  centrifugal  pump,  703 

-circuit,  electric,  523 

grate-bar,  324 
Sinter,  slag-roasting,  407 
Siphons,  711 
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Size  and  ash-content  of  anthracite,  180 
Sjostcdt  mechanical  roasting  furnace,  427 
Slag,  constitution  of,  435 

computation  of  silicate  degree  from  chem- 
ical analysis,  434 

for  neutralizing  SOs,  881 

fusibility,  438 

minerals,  436 
Slags,  color,  468 

fluidity,  467 

hardness,  468 

heat  of  formation,  latent  heat  of  fusion, 
specific  heat,  469 

in  general,  433 

non-silicate,  463 

oxide,  465 

phosphate,  464 

specific  gravity,  468 

texture,  468 

waste,  economic  use,  469 
Slide-valve,  blowing  engine,  781 
Slime,  character  of,  506 
Slip-bands,  16 

lines,  16 
Slow-moving  fresh-contact  gas-washers,  869 
Small  wood  draft-gauge,  754 
Smelter  smoke,  831 
Smelting  apparatus  in  general,  474 

electric,  519 

in  general,  432 

operations,  486 

oxidizing,  473 

reducing,  470 
Smet-BUttgenbach  coke-oven,  271 
Smoke,  constructive  details  for  handling,  858 

smelter,  831 

stack,  Wislicenus,  878 
Smythe    continuous    and    self-cleaning   gas 

producer,  304 
SOi,  formation  and  decomposition,  405 
Sodium  silicates,  439 
Soft-mud  machines  for  making  brick,  358 
Solid  products,  metallurgical,  884 
Solis  agitator,  716 
Solubility  in  water,  SOa,  880 
Solution  of  metal  by  SOi  in  Rdssler  converter 

882 
Somermeier,  bituminous  coal,  161 
Solidus,  37 

Solid  fuels,  apparatus  for  burning,  323 
natural,  151 
.  solution,  35 
Solvents  in  leaching,  505 
Solvay  Process  Co.  briquetting  plant,  204 
Sonorousness  of  coke,  233 
Sdrensen-Westby  neutralization  of  SO2,  881 
Sows,  885 

Spearman-Kennedy  burner,  823 
Specific  heat  of  alloys,  65 

gravity  of  coke,  231 
of  metals,  28 
of  slags,  468 
of  metals,  27 
of  slags,  469 
Speed  of  dry-crushing  rolls,  543 

in  dust  flue,  gases,  833 
Speise,  885 


Spilsbury,  silica-^x>nge  filter,  736 
Spitzkasten,  Rittinger,  616 
Spontaneous  combustion  of  coal,  168 
Sprague,  neutralization  of  SOi  in  gases,  849 
Spreading,  in  hammering,  680 
Stability  of  chimney,  757 
Stach  draft-gauge,  754 
Stall,  380 
Stall-roast,  417 
Stalls,  coking  in,  238 

Stalls  and   retorts  for  charring   wood  com- 
pared, 225 
Stamp  battery,  detail  of  work,  564 

gravity,  559 
Stamp-hammers,  675 
Stamp-mill,  horse  power,  563 
Stamps,  548 
Starting    siphons    from   one   central   place, 

712 
Stassano  indirect  arc-heating  furnace,  392 
Steam,  admission  with  blast,  762 

blower,  the  Eynon-Evans,  301 

effect  in  oxidizing  roast,  407 

elevator,  706 

siphon,  706 

stamps,  569 

water-lifters,  706 
Stedman  disintegrator,  198-605 
Steel  chimney  by  Laughlin,  761 
Steeple  blowing  engine,  786 
Stem,  gravity  stamp,  559 
Steitz  siphon,  711 
Step-grate,  327 

Stetefeldt  automatic  roasting  furnace,  426 
Stevenson- Evans  stove,  822 
Stiff-mud  machine  for  making  brick,  359 
Stolzenberg,  on  lignite,  161 
Stove,  air- valve,  823 

burners,  822 

checker  brick,  822 

Cowper-Kennedy,    central    combustion 
chamber,  820 

gate  cold-blast  valve,  824 

Gordon  three-pass,  816 

Hugh  Kennedy  one-pass,  817 

Massick  and  Crooke,  819,  820 

puppet  hot-blast  valve,  825 

Whitwell,  81S 

examples,  822 
Strength  of  alloys,  61 

of  coke,  233 

of  current,  513 

of  metal,  4 
Structure  of  aIlo3rs,  61 

of  coke,  229 

of  metal,  7 

of  retort-oven  coke,  247 
Struthers,  138 

calorific  power,  112 
Stuffing-box,  blast-pipe,  793 
Stupakoff-LeChatelier  pyrometer;  146 
Sturtevant  apparatus  for  burning  fuel  dust, 
187,  188 

fan-blowers,  769 

impeller  blower,  774 
Stjrrian  magnesite,  370 
Sublimating,  502 
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Sublimed  lead  paint,  853 
Submerged  centrifugal  pump,  701 
Suction  filters,  735 

vertical  centrifugal  pump,  702 
Sulphatizing  roast,  406 
Sulphur  dioxide,  solubility  in  water,  880 
Sulphurous  gases,  neutralization,  utilization, 

877 
Sulphur  in  coal,  167 
Sulphides,  74 

oxidizing  roast,  403 
reducing  smelting,  472 
Sulphites,  99 
Sulphates,  96 
Sulzer  single-stage  high-pressure  centrifugal 

pump,  703 
Surfusion,  23 
Sulphur  in  coke,  236 
Sulphuric  acid  from  roaster  gases,  88 1 
Surplus  gas  in  by-product  retort  coke-oven, 

248-252 
Suspension  of  filter-bags,  Benedict,  855 
Sweating  stage  in  charring,  212 
Sweetland  filter-press,  728 
Swing-hammer  Jeffrey,  607 

Table,  concentrating,  Darrow-Hambric,  628 

Wilfley,  624 

canvas,  626 
Tank,  Callow,  616 

Pachuca,  717 

Parral,  719 
Tappet,  gravity  stamp,  559 
Tarnowitz,  cooling-pipes  in  dust-floor,  835 
Taylor  gas-producer,  305 

Instrument  Co.  galvanometer,  149 
Tellurates,  100 
Tellurides,  78 

oxidizing  roast,  408 
Tellurites,  100 
Temperature,  critical,  46 

gas  in  chimney,  751 
Temperatures  in  beehives,  241 

in  retort  coking  oven,  246 
Tenant-helve,  675 
Tensile  hardness,  13 

strength  of  fire-clay,  352 
of  metal,  15 
Ternary  alloys,  54 
Testing  fusibility  of  fire  clay,  350 
Tests  for  solid  fuels,  164 
Texture  of  fire-clay,  350 

of  slags,  468 
Thciscn  gas- washer,  872 
Theoretical  producer  gas,  205 
Thermal  conductivity  of  alloys,  65 
coefficient,  705 
of  metals,  28 
refractory  materials,  796 

efficienc>'  of  a  fire,  3  jS 
Thermo-electric  force  of  alloys,  67 

pyrometers,  145 
Thickener,  continuous,  Dorr,  618 
Thiogen  process,  881 
Thomas  coke-oven,  245 
Thomson  electric  welding,  517 

rule,  526 


Three-high  blooming  mill,  654 

(Lauth)  plate-mill,  660 

rolls,  648 
Throat  of  blast  furnace,  479 
Thurston,  model  for  ternary  alloys,  54 
Thwaite,  calorific  power,  112 
Time-composition  curve,  37,  38 
Time  of  charring  and  yield  of  charcoal,  209 
Time- temperature  curve,  23 
Titanic  acid  in  fire  clay,  347 
Tooele,  baghouse,  856 

supported  dust  flue,  835 
Toothed  rolls,  542 
Torrefied  wood,  206 
Toughness  of  metals,  order  of,  16 
Towers,  wet  condensation  of  fume,  861 
Transformations,  56 
Transition  period,  51 
Transmission  of  heat,  794 
Transparency  of  metal,  4 
Trent  agitator,  716 
Tridymite,  366 
Triplex  plunger-pump,  696 
Triumph  concentrator,  623 
Tube-furnace,  385,  500 
Tube-mill  data,  600-601 
Tube  mills,  594 

Tube  mills  vs.  grinding  pans,  603 
Tulloch  ore-feeder,  366 
Tunnel-head  gas,  iron  blast  furnace,  864 
Turbine  pump,  702 
Turbo-blowers,  769 
Tustin  rotating  pulverizing  mill,  592 
Tuyeres,  793 
Two-high  universal  mill,  663 

non-reversing  two-stand  rod-mill,  648 

reversing  blooming  mill,  651 

reversing  two-stand  plate-mill,  650 

rolls,  648 
Two-stage  turbine-pump,  703 
Tyler,  W.  S.  Co.,  wire-cloth,  535 

Uehling-Steinbart  pyrometer,  136 

Ultimate  analysis  of  fire-clay,  interpretation 

of,  347  . 
Ultimate  and  rational  analyses  of  fire  clay ,  349 
Under-cooling,  23 
Union  Iron  Works,  double-issue  mortar.  556 

single-issue  lined  mortar,  555 
United-Otto  coke  oven,  266-269 
United  States,  coal-fields,  182 
Universal  mill,  two-high,  663 

rolls,  648 
Up-draft  blast-roasting  apparatus,  429 
Upsetting,  680 
U.  S.,  Smelling  and  Refining  and  Mining  Co., 

baghouse  at  Midvale.  855 
Utilization  of  CI  and  HCl  in  gases,  ^?i^ 

of  sulphurous  gases,  877 

Valve,  air,  in  stove,  823 

blowing-engine,  779 

gate,  cold-blast,  824 

hot-blast,  823 

puppet,  hot-blast,  825 
Vanner,  Frue,  619 
Vaporizers  for  liquid  fuel,  330 
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Vats,  grouping  of,  528 

Vertical  blowing-engines,  785 

-horizontal  blowing-engines,  787 
and  horizontal  flues  in  retort  coking- 
ovens,  283 
pug-mill  for  making  fire-brick  in  mixture, 

357 
vs.  horizontal  retorts  in  coking,  282 

Vessel  for  leaching,  508 

Volatility  of  metal,  24 

Volume  and  pressure  of  blast,  power  of  fan, 

768 

Von  Schippenbach  blast-roasting  apparatus, 

431 
Vibracone  dust-collector,  857 

Viscosity  pyrometers,  136 

Vivian  blast-roasting  apparatus,  429 

Wall  accretions,  885 
WoUaston  draft-gauge,  753 
Wanner  pyrometer,  141 
Warming  the  blast-furnace,  487 
Waste  gas,  permissible  sulphur,  877 

slags,  economic  use,  469 
Waterbury  Machine  Co.,  wire-drawing    ma- 
chine, 687 
Water-content  of  peat,  158 
Water  gas,  315 

in  coal,  165 

jacket,  of  blast-furnace,  480 

-lifter,  compound  air,  708 

-loss  in  kiln-drying  of  wood,  154 

-vapor,  action  in  making  producer  gas, 
296 
Web  sky,  on  peat,  157 
Wedge  mechanical  roasting  furnace,  424 
Weeks,  coke,  167 
Wegener  apparatus  for  burning  fuel  dust, 

186 
Weight  and  atomic  per  cent,  in  alloys,  39 
Weights  of  different  kinds  of  wood,  153 

of  gases  and  vapors,  119 
Welding,  electric,  517 

power  of  metal,  19 
Wellman  gas-producer,  302 
Welsh,  dust  flues,  843 
Westphalian  pipe-stove,  810 
Wetherill  grate,  328 
Wet  electrolysis,  520 

Wet-pan  for  crushing  fire-brick  mixture,  358 
Wet-pitch  process  of  briquetting,  200 


Wethey    mechanical    straight-line    roasting 

furnace,  423,  424 
Wet  pressing  brown  coal,  196 

condensation  of  fume,  860 
Newdorf  lead  works,  863 

condenser,  Koerting  and  Schutte,  862 
Weymouth  draft-gauge,  754 
Wheel-type  suction  filters,  736 
Wheeler,  bituminous  coal,  165  * 

refractory  quotient  of  fire  clay,  348 
Whelply-Storer  automatic  roasting  furnace, 

426 
White  roasting  furnace,  425 
Whit  well  stove,  815 
Wiborgh  air-pyrometer,  125 

thermopnone,  143 
Wilfley  automatic  roasting  furnace,  426 

table,  624 
Williams  hinged-hammer  crusher,  608 

oil-burner,  335 
Winkler,  neutralization  of  SO2  with  limestone, 

880 
Wire-cloth,  555 

-drawing,  685 

-drawing  machines,  686 

gauges,  534 

-system,  Koesing,  846 
Wislicenus  smoke  stack,  878 
Wood,  151 

-ashes,  analyses,  155 

-charcoal,  206  , 

Wooden  guides,  gravity  stamps,  553 
Woolen  bags,  filtration  of  fume,  848 
Work,  detail  of  stamp-battery,  564 

of  Chile  mill,  582 
Worthington  piston-pump,  690 

two-stage  turbine-pump,  703 
Wrought-iron  grate,  324 
Wynne,  determination  dust  in  gases,  833 

Yealdon  briquette  press,  203 

Yield  of  coke  in  by-product  oven,  229 

of  products  in  coking  coal,  228 
Young,  on  filters,  746 

thiogen  process,  881 

Ziegler  furnace  for  coking  peat,  226 
Zig-zag  filters,  Brown-DeCamp,  for  fume,  849 

flues,  845 
Zincken,  on  lignite,  159 
Zschocke  gas-washer,  868 
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